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PREFACE. 


THE science of Fossils, or Paleontology, is that upon which 
the geological history of the earth mainly rests. Without it, 
geology would be but a fragmentary science, a science of the 
structure of the earth only. By the aid of fossils, the succes- 
sion of rocks, their distribution and relations are determined. 
They are the key which unlocks the most difficult problems of 
stratification. Upon them the seeker after the economic sub- 
stances of the earth must mainly depend. Until the paleon- 
tologist has deciphered the records, the geologist can only grope 
blindly. The study of fossils, then, needs no apology from the 
economist. As a pure science, paleontology is inextricably 
united with the science of biology, the science of living things ; 
as an applied science, it is equally intimately related to the 
structure and history of the earth. In the tracing of the rocks’ 
strata, physical characters are often deceptive and unreliable ; 
paleontological characters are decisive and incontrovertible. 

Kansas has long been a famous region for the paleontologist. 
Perhaps no equal area in the United States presents such varied 
and remarkable fossil records as does Kansas. The fame of 
her fossils is world-wide. The pages she has added to the geo- 
logical history of the earth are already classic. 

But, while the state has furnished so much of interest and of 
value to the sciences of geology and paleontology, the published 
accounts, what there are of them, have been accessible only to 
the specialist in scattered and abstruse papers. 

Constantly is the writer in receipt of inquiries from citi- 
zens of our state, especially teachers, seeking information re- 
garding its fossils. Invariably he has been compelled to reply 
that such information is accessible only to the specialist and in- 
vestigator. Specimens are often sent for identification, which 
the senders might easily determine for themselves if only they 
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knew where to find the information. Nothing whatever has 
,been published by the state that will aid the student in his re- 
searches. Many of the fossils of our state have been described 
in scattered and voluminous reports, that can be found only in 
those libraries that especially collect such works. For several 
years past the writer has been gathering the literature concern- 
ing Kansas paleontology, either in his own private library or 
in the library of the University. The value of the literature 
consulted in the preparation of the present volume is at least 
$1000. No better reason can be given for the need of such re- 
ports as the present. More important still is the fact that a 
large part of the present volume is composed of information 
here published for the first time, and which must necessarily be © 
otherwise accessible only to the investigator who has the dis- 
position and time to devote years of study to the work. Very 
many high schools and other institutions of the state have speci- 
mens or collections of fossils, whose value at the present time is 
very slight, since a very incomplete knowledge or total ignorance 
of what they are prevents their use as means of education or 
instruction ; and it is one of the chief hopes of the writer that 
the present work will stimulate many of the young people of 
our state to an intelligent interest in its geology as based upon 
the study of its fossils. 

The material treated in the present work is believed to be 
fairly complete. The work is in no sense a preliminary one, 
but one that is hoped will not need revision for many years to 
come. 

The reader may find accessible in the preceding volumes of 
this series much of interest and value regarding the physical 
features of the state. The different formations have been 
mapped out, so far as the paleontologist has definedthem. The 
formations and localities of the economic products have been, 
so far as possible, made known. But the general student wishes 
also to learn something himself of the facts upon which these 
results are largely based. . 

The writer has been engaged for the larger part of twelve 
years in the study of the geology and paleontology of the state. 


Preface. aL 


His first studies began in 1874, since which time he has spent 
over three years in camp in field exploration ‘within the state. 
For the past eight years he has been collecting the material to 
serve for the present work. The splendid collections of fossils 
made by Prof. F. H. Snow and Judge E. P. West have been so 
supplemented that now it is possible to give a fairly good review 
of the very diverse and extensive field of Kansas paleontology. 
As an example, it may be stated that all the material figured 
and described, with hardly an exception, in the present work is 
now the property of the University of Kansas. From this 
material it has been possible to add very much that is new to 
what had previously been known concerning the animals de- 
scribed. 

The present work deals with the fossils of the western part of 
state solely for the reason that more preparatory work has been 
done upon them in the University in recent years. At present, 
Mr. J. W. Beede, a graduate student of the department of Pa- 
leontology of the University, has far advanced toward publication 
a work upon the Invertebrate Fossils of the eastern part of the 
state, and his report will form a part of the next volume of this 
series. The remainder of the fauna of the Upper Cretaceous is 
also nearly ready for publication, the Plesiosaurs and Pterodac- 
tyls by the writer; the Fishes by Mr. Alban Stewart( K.U.’96), 
a graduate student of the department. 

Other work is already in preparation for publication, includ- 
ing the vertebrate and invertebrate faunas of the Lower Creta- 
ceous, the Dakota, and the Tertiary, based upon large and 
valuable collections now in the University museum. 

It is the aim in the present and following volumes to so pic- 
ture and describe the fossils of the state that they may be un- 
derstood by the ordinary reader of intelligence. But, at the 
same time, it is imperatively necessary that the descriptions 
should be accurate, and accuracy can only be obtained by the 
use of scientific language. ‘The general reader will find in the 
introductory parts of the different chapters those portions of 
more general interest. The student or observer with the actual 
fossils in his hands will be able to follow by the aid of the figures 
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the strictly scientific descriptions. For extended description of 
the Upper Cretaceous horizons, the reader is referred to papers 
by Mr. W. N. Logan and the writer in the second volume of 
this Survey reports. 

The writer desires here to express his warmest thanks to Prof. 
EK. C. Case (K. U.’93), of the Wisconsin Normal School, for the 
preparation of his part on the Turtles; to Dr. George I. Ad- 
ams (K.U. ’93) for the chapter on the Upper Cretaceous; to 
Mr. C. E. McClung (K. U. ’96), instructor in Zoology in the 
University, for the chapter on the Microscopic Organisms of the 
Cretaceous; and especially to Mr. W. N. Logan (K. U. ’96), 
now fellow of Chicago University, for the extensive work on 
the Invertebrates. Messrs.Case, Adams and Logan were former 
students in the department of Paleontology of the University ; 
Mr. McClung, the writer’s former assistant in Microscopic 
Anatomy. They have all given their careful and skilled labor 
wholly without remuneration from the state, and with but very 
slight expense. 

All the drawings illustrating the vertebrates, save the first five 
plates, have been made for this work under the writer’s imme- 
diate and constant supervision. For their accuracy he is 
alone responsible. Most of those of the Mosasaurs and part of 
those of the Turtles have been made by Mr. Sydney Prentice 
(K. U. ’96), and thanks are due him for the fidelity, skill and 
zeal that he has shown in their production. The plates upon 
the skull, especially, have required an unlimited amount of 
patience on his part to insure their accuracy. The larger part 
of the figures illustrating the Turtles were made by Miss Mary 
Wellman (K. U.’92), and do not need commendation. All of 
the photographs used in the yolume have been made either 
by the writer or under his immediate direction. The illus- 
trations for the Invertebrates have been largely copied or re- 


drawn from previous authors. . 
S. W. WILLISTON. 


PART I. 


THE UPPER CRETACEOUS OF KANSAS: 
A HISTORICAL REVIEW. 


By GEORGE I. ADAMS. 


ADDENDA. 
By S. W. WILLISTON. 
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Fic. 1. MAP OF THE CRETACEOUS OF KANSAS. 


THE UPPER CRETACEOUS. 
By GEORGE I. ADAMS. 


In 1853 Congress authorized the exploration of several lines 
across the western portion of the continent, for the purpose of 
selecting a route for a transcontinental railway. Hach expedi- 
tion was accompanied by a geologist. The results of their ob- 
servations were published in the Pacific Railroad Reports. 
Among those who pushed into the western territory was Pro- 
fessor Hall, the veteran geologist of the New York survey. 
His official duties requiring his time in New York state, he 
employed Meek and Hayden to explore a part of the upper Mis- 
souri river region. The results of this work, mainly paleon- 
tological, were published jointly by Professors Hall and Meek.’ 
This work was the beginning of long-continuing labors which 
they pursued jointly and separately. Their section of the Cre- 
taceous along the Missouri river, known as the Meek and 
Hayden section,” has served as a basis for much subsequent 
work. 

The Cretaceous formation of Kansas lies within the south in- 
terior region of the Cretaceous area of North America, as di- 
vided by White’ for the purpose of discussion and correlation. 
The Missouri river section by Meek and Hayden has been used 
as a standard for reference in the study of this area, and is sub- 
stantially still so used. It includes only formations which are 
referred to the Upper Cretaceous. A later nomenclature and 
grouping of these divisions, which was proposed by Eldridge,* 
was adopted by White. His table showing the relation of the 
section is given on next page. 

1. Mem. Amer. Acad. Arts and Sci., 1856, 

& Proceedings Amer. Phil. Soc., 1856. 


. Bulletin No. 82, U. S. G. S., Correlation of the Cretaceous, He 
4. American Jour. Sci. XXXVIII, 313-321, 1862. 
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Upper Missouri Section of Meek and Hayden. ELDRIDGE. 
INO GEC COST ZEAE sag ee Sele oe oy Seton ray citi: ti et Alera Laramie formation. 
5 Bs Hills group..... : 
Ne: ii Bee ees ac FARE aL Sa ETE eee Montana formation. 
No. 3, Niobrara group ..... Reatenele Mate Ee ee eR oR Bintale Colorado formation 
No. 2, Fort Benton group.. : 
INO MED ao tal vereerciatnce cu stsste tsteg soi cies ead Shee a ean Ne eee Dakota formation. 


This table does not include the Lower Cretaceous, of which 
the Comanche series’ is now recognized ; but, as it is the pur- 
pose of this paper to deal only with the Upper Cretaceous, the 
section of Meek and Hayden is wholly adequate, since the de- 
velopment of our knowledge of it in Kansas is largely the result 
of attempts to identify the members of the Missouri river sec- 
tion in the territory along the Smoky Hill river. The following 
sketch gives in chronological order abstracts of the more impor- 
tant papers: ° 

1855 — Doctor Schiel’s Report. The series of limestones from 
Westport, Mo., to the Little Arkansas he considered to belong 
to the same formation. There he found ‘‘a white, fine- 
grained, non-fossiliferous limestone, and a red, ferruginous 
sandstone, out of which Pawnee Rock is formed. ‘The latter 
was also found on Coon creek, and, from specimens brought by 
Captain Gunnison, he concludes that it extends up the Repub- 
lican fork of the Kansas river. It supports a loose conglomer- 
ate of quartzose rock, which is seen to extend some thirty 
miles along the Arkansas west of Fort Atkinson. It is prob- 
able that these strata belong to the chalk formation, which, 
going westward, we find distinctly represented. About thirty 
miles further west we meet with another limestone of the Cre- 
taceous period.”’ 

1856 — Engleman’s Report.’ This gives a general description 
to Fort Riley. He describes a sandstone along the Republican 
from above Fort Riley for forty-eight miles, that is, to eighty 
miles from the fort. He is inclined to think that it cannot 
exceed 200 or 300 feet in thickness. From Professor Hall’s 

5. Vide Prosser, vol. 11, Kans. Univ. Geol. Surv. 1897, for historical summary. 


6. For bibliography of Kansas Geology, see Hay, Trans. Kans. Acad. Sci. 1893-94. 


7. Geol. Ex. from Ft. Leavenworth to Bryan’s Pass, 35th Cong., 1st ses., Sen. Ex. Docs. 2, 
pp. 489-520, Washington, 1856. 
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description of the route west of the Missouri in Sternberg’s 
report, he thinks the beds may be Cretaceous. He next de- 
scribes the Cretaceous formation, which was first observed 
seventy-four miles from Fort Riley, which is made up of chalky 
limestones, marls, slates, and shales. This formation extends 
beyond the borders of the state. He mentions some fossils. 
A list of fossils by Shumard accompanies the report. 


1857 — Hayden.* This article on the country bordering the 
Missouri river has a map accompanying it, showing the geol- 
ogy of northeastern Kansas, colored from information furnished 
by Major Hawn. Ina paper immediately following, he gives 
a section of the rocks of northeastern Kansas above the coal 
measures, by Major Hawn. These beds were not seen at any 
one place, but their thickness and order of succession were deter- 
mined in the region east of the sixth principal meridian by Major 
Hawn, while carrying on the lineal survey. The beds are cor- 
related by Hayden with the New Jersey section, the Alabama 
section, and the Triassic and Jurassic of Marcou, from his sec- 
tion of Pyramid Mountain, New Mexico. The article concludes 
for Kansas that there is at the base of the Cretaceous series a 
series of beds concerning which evidence is lacking that they 
are not older than any portion of the Cretaceous. The section 
is correlated with Cretaceous, No. 1, No. 2(?), and the lower 
part of No. 3. 

1859— Meck and Hayden.’ In this article it was stated that 
No. 1 was carried too low in a previous paper ( Proc. Acad. Nat. 
Sci. Phil., 1857). A paper by Hawn (Trans. Acad. Sci. St. 
Louis, 1, 171) is cited in which the formation in Kansas is placed 
on a parallel with No. 1, but the whole is referred to the Trias. 
These beds were examined with care, and dicotyledonous leaves 
were found, proving their identity with No. 1 of the Nebraska 
section. Doctor Newberry is referred to as authority in the 
paleobotany. Between No. 1 and the beds containing Permian 
fossils there is a series of beds which the writer states may be 
Jurassic or Triassic, or both, but more probably the former, 


8. Proceedings Acad. Nat. Sci. Phil. 1857. 
9, American Jour. Sci., 1859. 
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though as yet there is no paleontological evidence. An article 
in the Proc. Academy of Natural Science, Philadelphia, 1859, was 
also published in the Transactions of the American Philosophical 
Society, 1863 (read 1861). The latter is accompanied by a map. 
These articles contain the following points of interest here: Cer- 
tain beds between No. 5 of the Coal Measures and the Cretaceous 
are suspected of being of Jurassic or Triassic age, probably Ju- 
rassic. Reference is made to his previous discoveries of the 
Cretaceous age of the higher beds. Nos. 1, 2 and 5 are consid- 
ered the equivalents of the Cretaceous of Nebraska, as found by 
Mr. Engleman. (Vide Rep. Sec. War, Dec. 5, 1857, p. 497.) 


1866— Mudge. The First Annual Report of the Geology of 
Kansas, by B. F. Mudge, contains the following concerning the 
Cretaceous: ‘‘ No unconformability has been observed from the 
Coal Measures to the Cretaceous. This formation, which is 
represented rather largely, has not been definitely studied, since 
it lies beyond the settlements. Chalk is said to be found in it. 
So far as known, it appears to have a resemblance to the Creta- 
ceous of England.’’ Under his division Triassic, he describes 
fossil footprints of birds” found in the sandstone northwest of 
Fort Riley. A few miles distant, in what appeared to be the 
same horizon, he discovered dicotyledonous leaves. He is in- 
clined to place the deposits in the Lias. 

1S866— Swallow. In his Preliminary Report of the Geological 
Survey of Kansas, Swallow refers No. 1 of his section, 295 feet 
of brown ferruginous sandstone, to the Cretaceous, but states 
that he saw no proofs of its age. Nos. 2 and 3, which are simi- 
lar in character, he refers to the Triassic(?). 

1867 — Hayden." This article refers to the report by Swallow, 
and states concerning the beds referred to the Triassic with a 
question, that they may be Permian, or even Jurassic, so far as 
any evidence yet obtained goes. He is inclined to think that 
they belong to the Trias. 


1869— Hayden.” In speaking of the Cretaceous rocks (p.13), 


10. See article on Cretaceous Birds, this volume. 
11. Notes on Kansas Geology, Amer Jour. Sci., 1867. 
12. Preliminary Rep. U.S. G. S. of the Ters., 1869. 
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he says that they show five well-marked divisions, Nos. 1, 2,5, 
4, and 5, or Dakota, Benton, Niobrara, Fort Pierre, and Fox Hills. 
In discussing their characters, he refers briefly to the Cretaceous 
of Kansas at Hays City and Fort Wallace. 

1872— Hayden.*® Part I, chapter IV, by Hayden, gives a 
sketch of the geological formation along the Union Pacific rail- 
road to Fort Wallace. The formation west nearly to Salina he 
refers to the Permo-Carboniferous series. At the 155th mile-post 
he says he reached the beds of doubtful age, intermediate be- 
tween the Permian and the well-known Cretaceous No. 1, or 
those which include the rusty sandstones of the Dakota. He 
mentions the Dakota as occurring near Salina, at Fort Ellsworth, 
and as far west as Fort Harker. At Wilson he saw ‘‘ the chalky 
limestones of the Niobrara filled with Inoceramus problematicus.’’ 
At the 280th mile-post he reported indications of the Tertiary. 
At Hays City massive rocks of No. 5 were seen sawed into blocks 
and used in buildings. At eight miles west of Fort Hays an 
exposure in a cut showed sixty feet of shale of No. 2, the Benton 
group, filled with concretions. On the summit of the hill he 
observed massive layers of yellowchalk. Inconcluding he says: 
‘« We have, therefore, between Salina and Fort Wallace, expo- 
sures of Cretaceous beds Nos. 1, 2, and 3. In No. 1 are well- 
preserved impressions of dicotyledonous leaves; in No. 2, not 
far from Fort Wallace, remains of gigantic reptiles have been 
found; while No. 3 contains invertebrates and fragments of the 
remains of fishes.”’ 


1876— Mudge.“ Concerning the Cretaceous, he says that the 
Fort Pierre and Fox Hills groups are wanting, and that the 
Benton group also appears to be absent. He reports the Cre- 
taceous as resting conformably, or nearly so, upon the Permian, 
and that he had found no fossils of the Jurassic or Triassic. In 
his description of the Niobrara, he divides it into two divisions : 
the Niobrara proper and the Fort Hays. The division between 
them is considered by him to be the bed of limestone about sixty 
feet thick where fully exposed. In the upper division, verte- 


13, Final Rep. U.S. G. S. of Nebr., etc., with map, 1868 ( printed 1872). 
14. Bulletin Geol. and Geogr. Surv. of the Ters. ii, No. 3, 1876. 
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brates are found in abundance, while below they are rare. Of 
the Niobrara proper he gives a description of the physical fea- 
tures and areal extent, and mentions the fossils which it con- 
tains. The thickness is given as seventy-five feet in Trego 
county and 200 feet in Ellis county. He makes the statement 
that Hayden mistook exposures near Fort Wallace for Benton. 
He records the occurrence of seams of calc and heavy spar. He 
states that he discovered a bed of Baculites near Sheridan (Me- 
Allaster) and on referring specimens of them to Meek, received 
the following reply: ‘‘ One fact in regard to your specimens, 
however, 1s curious to me. All the other forms like this that 
I have ever seen from any part of the far west come from Nos. 4 
and 5. Can it be possible that you have found an outlier of 
Nos. 4or 5?’’ Mudge, however, states that the beds are clearly 
Niobrara, since characteristic fish and saurians are found not 
more than fifteen or twenty feet above and not 200 yards 
distant. ‘This same error was perpetuated by both Cope and 
Marsh in the descriptions of fossils from this region. The 
massive beds of stratified limestone or chalk before mentioned, 
together with all the deposits above the Dakota, he calls the Fort 
Hays. Herefers to Hayden’s statement, that the Niobrara lime- 
stone filled with Jnoceramus problematicus is exposed at Wilson, 
and states that this rests directly on the Dakota, and all that 
which Hayden supposed might be Benton is above this stratum, 
and thus concludes that the Benton is not seen in Kansas. He 
remarks that the lower portion of the Fort Hays may be Ben- 
ton, although there does not appear to be any line of demarca- 
tion. He says that the only persistent stratum is a buff, sandy 
limestone, never over ten inches thick (the Fence-post layer of 
Cragin), which is much used for building. He describes a bed 
of blue shales containing concretions (Victoria shales) above 
this horizon. The fossils of the formation are mentioned. The 
total thickness of the Fort Hays is given at 260 feet. The Da- 
kota is made to include all the Cretaceous east of the Niobrara. 
No Triassic or Jurassic fossils having been discovered after ten 
years’ search, he concludes that the Dakota rests directly upon 
the Permian, and is conformable with his Fort Hays group 
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above it. The lithological characters of the limestone are men- 
tioned, as also the occurrence of coal. Thickness, 500 feet. 

18S77—Mudge.” This paper is practically a reprint of the 
previous one, but gives much additional matter concerning the 
writer’s collecting and the fossils described from the formation. 
Concerning the Benton he makes the same limits, but states 
that if he could spend a few daysin the field with Hayden they 
might conclude that the lower portion of the Fort Hays is 
Benton, and therefore calls it the Fort Hays only provisionally. 

1878 —Mudge.* This repeats largely former reports. It 
gives a map, vertical section of the rocks of Kansas, and a hori- 
zontal section from southeast to northwest corners of the state. 
The Triassic and Jurassic are not represented. This allows the 
Dakota to rest directly upon the Carboniferous, and nearly, if 
not quite, in conformity. The Pierre and Fox Hills of the Cre- 
taceous, as also the Eocene and Miocene, are reported to be 
wanting. The Pliocene rests upon the Niobrara or middle Cre- 
taceous. Heagain repeats Meek’s inquiry about beds containing 
Baculites anceps, and states that the beds are not Fort Pierre or 
Fox Hills. He says that in a former report he was doubtful 
whether the Benton is represented in Kansas. A more careful 
examination induces him to believe that what he called Fort 
Hays corresponds nearly in age to the Fort Benton. The upper 
portion of the Benton is formed by a bed of limestone sixty feet 
thick ; under this is a bed of blue shale sixty feet thick, con- 
taining septaria. Below this are 140 feet of shales and layers 
of limestone. The total thickness is given at 260 feet. The 
Dakota group includes all the Cretaceous east of the Fort Benton. 
The principal part of the paper is composed of a discussion of 
the areal, geological and topographic features, and notes con- 
cerning fossils described by others. 

1882—St. John.“ The Cretaceous is laid down directly upon 
the Carboniferous floor, and, notwithstanding statements to the 
contrary, there is marked evidence of non-conformity between 


15, Ninth An. Rep. U.S. G.S. of the Ters., 1875 (printed 1877). 
16. First Bi. Rep. Kans. St. Bd. Agr., 1877-78. 
17. Third Bi. Rep. Kans, St. Bd. Agr., 1881-’82. 
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them. The Cretaceous is made up of at least three divisions — 
the Dakota, Benton, and Niobrara; the upper members appear 
to be absent. He says concerning the Benton that certain 
limestones, if indeed they are not to be relegated to the Nio- 
brara, afford stratigraphical evidence upon which to base the 
limits of the western exposure. He estimates the total thick- 
ness at 2200 feet. He says concerning the shales at the top of 
the Niobrara, that they strongly resemble the ‘‘ Colorado shales,’’ 
i. e., Fort Pierre and Fox Hills. He says that the salt springs 
and wells of the Cretaceous are probably supplied from,the Car- 
boniferous deposits. ‘To the south of the Arkansas valley, hori- 
zons discovered by G. S. Chase are characterized by a molluscan 
fauna which indicates affinities with the Texas Cretaceous 
fauna.” He believes that the Cretaceous has been eroded pro- 
gressively more deeply toward the east, so that the Tertiarv 
rests upon successively lower beds toward the east. 


1887—St. John.” In southwestern Kansas only the Dakota 
and Niobrara have been identified with certainty. Beds now 
known to belong to the Comanche series are here described as 
Dakota. Those described by him as Niobrara are referred since 
to the Benton. 


1888 — Hay. From the north boundary of the state to Mc- 
Pherson county the Dakota sandstone rests upon the Permo- 
Carboniferous, an example of erosive non-conformability. 
From McPherson county south the Triassic beds intervene. A 
shorter period of erosion appears to have taken place there. 
The Dakota is from 300 to 500 feet thick. The passage to the 
Benton is without break, the beds being absolutely conformable. 
Total thickness probably does not amount to 400 feet. The 
Niobrara consists of two conspicuous strata, a succession of soft 
limestones, beneath which is a thick shale bed containing con- 
eretions. This shale, with occasional intercalations of lime- 
stones, is 100 to 300 feet in thickness. The limestones do not 
reach 100 feet. The Fort Pierre and Fox Hills appear to be ab- 


18. Probably the first reference to the Lower Cretaceous in Kansas. 
19. Notes on the Geology of Southwestern Kansas, Fifth Bi. Rep. Kans. St. Bd. Agr., 1885-86. 
20. Sixth Bi. Rep. Kans. St. Bd. Agr., 1887-’88. 
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sent. There is an outcrop in Norton county of two well-marked 
strata above the yellow chalk, the lower a green sand, the upper 
a green clay with yellow streaks. These beds are of doubtful 
reference. 


1893 — Williston." In this article the Niobrara is estimated 
to be 430 feet in thickness, and the dip to the north or northeast 
is shown to be greater than was previously suspected, except 
perhaps by St. John. The division line between the Niobrara 
and Benton is placed at the top of the stratified beds, following 
Mudge, but he is doubtful whether the Niobrara should not also 
include the stratified beds and perhaps also the subjacent dark 
blue shales. The stratified beds are called the Fort Hays, thus 
limiting Mudge’s term. No distinction into chalk and shales is 
admitted for the Niobrara. He states his belief that the beds 
containing the Baculites anceps, to which Meek had referred, are 
Fort Pierre and not Niobrara. A similar statement was given in 
a paleontological paper in the Kansas University Quarterly for 
July, 1892, the first time that the Fort Pierre had been recog- 
nized in the state. Other paleontological matters are discussed 
in this paper. In 1892 Williston prepared a map of the geology 
of Kansas, which was published in Thomas’s School Charts. 
This was the first time that all of the different geological epochs 
of the state had been given for Kansas. A modified copy of 
the map was published in a later paper (Kans. Univ. Quart., 
1894) , with the different divisions of the Cretaceous given nearly 
as they are at present located. 


1896— Cragin.” The rocks of the North American Interior 
Cretaceous are considered as belonging to two great series, the 
Comanche series and the Platte series, the latter including the 
Dakota, Benton, Niobrara, Fort Pierre, Fox Hills, and Laramie. 
The divisions occurring in Kansas are given as follows : The lower 
portion of the Benton is named the Russell formation, one horizon 
of which is the Downs (or Fence-post) limestone. The upper 
portion is called the Victoria clays, which contains the Cannon- 


21. Transactions Kans. Acad. Sci., 1891-92 (pub. 1893). 
22, Colorado College Studies, March, 1896. 
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ball zone.” The lower portion of the Niobrara is named the 
Osborne limestones. This he states formed the upper part of 
Mudge’s Fort Hays. The upper Niobrara is named the Smoky 
Hill chalk, with a lower or Trego zone, the Norton zone, and 
the Graham jasper horizon. The Lisbon shales named by him 
are supposed to be the Fort Pierre. The Arickaree shales are 
referred to the Fox Hills. 


1897.—Logan.* Inthis paper the Upper Cretaceous is divided 
as follows: The Benton is divided on lithological grounds 
into the upper and lower groups. The lower group is subdi- 
vided into the Bituminous shale, at the base, the Lincoln mar- 
ble, Flagstone, Inoceramus and Fence-post horizons. The 
upper group consists of the Ostrea shales and the Blue Hill 
shales. The Niobrara is divided into the Fort Hays and Pter- 
anodon beds. For the Fort Pierre no divisional term is used. 
In a foot-note it is stated that the beds called the Arickaree 
shales, and referred to the Fox Hills, had been previously re- 
ferred to the Fort Pierre by Hay. 


1897.—Williston.” In this paper the line of division between 
the Niobrara and Benton is taken below the Fort Hays beds, 
following Cragin. Fort Hays is used instead of Osborne lime- 
stone. The upper portion of the Niobrara is called the Pterano- 
don beds (Marsh, Odontornithes, 1880). The suggestion is 
made that the name Pteranodon, being in all probability a 
synonym, should be changed to Ornithostoma beds. The Pter- 
anodon beds are divided on paleontological grounds into the 
lower or Rudistes beds, and the upper or Hesperornis beds. 
The Fort Pierre at McAllaster is estimated at least 100 feet in 
thickness. The name Blue Hill is used in part for the Vic- 
toria beds. (See summary of sections, opposite page.) 

From the foregoing, it will be seen that the Upper Cretaceous 
of Kansas is now quite well understood. The various geologists 
who have studied it from time to time have slightly modified 


23. The Cannon-Ball crossing of the Missouri River, illustrated in Hayden’s Report, 1870, to 
which Cragin refers, is in the Fort Pierre. 

24. Kansas Univ. Geol. Sury. 1, 1897. 

25. Kansas Univ. Geol. Surv. 11, 1897. 
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the early divisions, but the tendency has been to recognize the 
same general groupings. There are, however, some questions 
of nomenclature which it may be well to mention here. 

The divisions of the Dakota by Logan are the only ones so 
far proposed. As he remarks, there seem to be no well-marked 
dividing lines. The divisions were made for convenience, and 
may prove to be valid. 

The division of the Benton into Upper and Lower is upon 
lithological grounds. The names used by Logan for the lower 
group must stand; but his division of Blue Hills is precisely 
identical with the Victoria shales previously proposed by Cragin, | 
and must be given up on the ground of priority. Cragin’s Rus- 
sell group does not correspond with the Lower, since it does not 
include the Ostrea shales. 

The division line between the Benton and Niobrara is in ac- 
cordance with Gilbert’s eastern Colorado section. (17th Ann. 
Reps WE SeiGeaios, Ls96.) 

The Niobrara is divided into the Fort Hays and Pteranodon 
beds. The name Fort Hays was limited by Williston in 1893. 
The Pteranodon beds are further divided by Williston into the 
Hesperornis and Rudistes, on paleontological grounds. Cra- 
gin’s Trego and Norton zones may correspond to these divisions, 
based upon lithological grounds, and scarcely recognizably 
characterized. Nevertheless, it is a question whether or not 
these terms should take precedence over Williston’s. 

The Fort Pierre was first reported by Williston. Cragin has 
since proposed the name Lisbon shales for certain outcrops, 
but has not in any way differentiated them or given any char- 
acters by which they may be distinguished from the rest of the 
Fort Pierre. 

The argument for the use of the Arickaree beds rests upon 
similar grounds. They were first reported by Hay to be Fort 
Pierre. Such being the case, the names Lisbon shales and 
Arickaree shales may be with propriety used for the two 
horizons. 
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General Section of the Upper Cretaceous of Kansas. 
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ADDENDA TO PART I. 


By 8S. W. WILLISTON. 


THE first vertebrate fossil obtained from the Upper Cretaceous 
of Kansas was the type specimen of Hlasmosaurus platyurus Cope, 
collected by Dr. Theophilus H. Turner, the physician of the 
garrison at Fort Wallace, and taken east by Dr. J. L. Leconte. 
It was described by Cope in Leconte’s Notes on Geology of the 
Route of the Union Pacific Railroad, 1868, p. 68. 

The next specimen obtained was a part of a cranium of Tylo- 
saurus proriger Cope, the type, collected by Colonel Cunningham 
and Mr. Minor ‘‘in the vicinity of Monument station, and sent 
by them to Prof. Louis Agassiz.’’ The locality is probably 
Monument station of the overland route, in the vicinity of 
Monument Rocks, in the valley of the Smoky Hill river. 
Other specimens were later obtained by Drs. J. H. Janeway and 
George Sternberg in the vicinity of Forts Hays and Wallace, 
and by Mr. Webb, of Topeka. 

The first to make any systematic collections of fossils from 
the Cretaceous of Kansas was the late Prof. B. F. Mudge, at 
that time professor of geology in the Kansas Agricultural Col- 
lege. I was a student at that time under him at this college, 
and well remember the ardent enthusiasm that he evinced in 
the discoveries he made. His first expedition, as I remember, 
was up the Republican and Solomon rivers into the wholly un- 
inhabited region, the home then of the bison and roving bands 
of marauding Indians. It was made shortly after the close of 
the college year in 1870. A chance acquaintance whom he met 
on the expedition, and who had recently come from Phila- 
delphia, urged him to send his specimens to a young and 
promising naturalist in that city who was especially interested 
in vertebrate fossils. Although Professor Cope was then less 
than thirty years of age he had already achieved renown among 
naturalists, and it was to him that Professor Mudge wrote ask- 
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ing if he would be kind enough to examine the fossils and tell 
him what they were. 

Mrs. Mudge has kindly placed in my hands a part of the cor- 
respondence that followed, and I give herewith a letter from 
Professor Cope, after he had received the first consignment of 
fossils. 

It will be observed that Professor Cope speaks of a specimen 
found near the vicinity of Sheridan, now McAllaster. This 
specimen, with others, was, I believe, taken later in the season, 
while on a brief trip for the purpose of examining the geology 
in the vicinity of Wallace. He had no team or outfit, but col- 
lected the specimens from the immediate vicinity of the station. 


PHILADELPHIA, October 28, 1870. 

Prof. B. F. Mudge: EsteEMED FRrenD— The fossils arrived in safety, thanks 
to the careful packing, and I have examined and determined most of them. The 
collection is a valuable one, and is an earnest of what can be done for the geolog- 
ical survey of Kansas under more favorable opportunities for collection. 

I found portions of six species of reptilia, all of the order Pythonomorpha, 
and five species of fishes, of the new family of Saurodontide. Of the reptiles, 
there were two distorted vertebre of a large Hlasmosaurus, the species not de- 
terminable; one yertebra of a large Liodon, probably L. proriger Cope. The 
limb bones and accompanying vertebre belong to a Polycotylus (Cope), but 
whether to P. latipennis is not yet determined. The three other reptiles are 
quite determinable, and new to science. I have called them Liodon mudgei, 
after the state geologist of Kansas, Liodon ictericus (two individuals sent), and 
Clidastes cineriarum —the last from the gray clay limestone near Sheridan. 

The fishes are quite interesting, and have enabled me to define a new family, 
and correct the work of Agassiz and Leidy. They belong to the genus Sauro- 
cephalus of Harlan, which has been heretofore regarded as a Sphyrenoid fish. 
I find that it has not the least relationship to that order, but forms a new and 
interesting group near the Ganoids and Characius. In order to determine it 
more fully, 1am exceedingly desirous of getting more complete remains, especially 
of the cranium and fins. The following is a list of the species: : 

Saurocephalus phlebotomus Cope, n. sp. 
S. prognathus Cope, sp. nov. 

S. napahaticus Cope, sp. nov. 

S. thaumas Cope, sp. nov. 

This last is the large fish eight feet long without head from 100 miles up the 
Solomon. Its remains were highly interesting and enabled me to determine 
many new points in the structure of the group. I found by means of it that the 
group has a vertebrated tail; also that its anal or caudal fin-ray is that which has 
always been referred to the Ptychodon genus of sharks by Professor Agassiz. 
The pectoral rays have just been described by Leidy as a new genus of catfish, 
Xiphactinus audax! Then there is a new genus of the same family, [chthyo- 
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dectes ctenodon Cope, which is based on jaws and thirteen vertebre from the 
yellow chalk. I hope that this species also may at some future time be more 
fully developed. ; 

I hope these researches, so successfully commenced, may cover the whole ver- 
tebrate fauna of the strata. I have studied especially the mammals and birds, 
as well as the reptiles and fishes. If you desire any part or all of my manuscript 
for the annual report to the legislature, I will send it on; in the meantime it 
will appear in Silliman’s Journal and some abstracts here. 

I remain, with much regard, etc., Epwp. D. Cope. 


Late in the season of 1870, Professor Marsh, with an escort 
of United States soldiers, spent a short time on the upper part : 
of the Smoky Hill river collecting vertebrate fossils. The ma- 
terial then collected served for the description of a number of 
interesting types by Marsh. It included the first known speci- 
men of ‘‘Odontornithes,’’ a foot bone brought in with other 
material, but which was not discovered in the material until 
after other specimens had been obtained later. In June of the 
following year Marsh again visited the same region, with a 
larger party and a stronger escort of United States troops, and 
was rewarded by the discovery of the skeleton which forms the 
type of Hesperornis regalis Marsh, together with other material. 

In 1871 Prof. E. D. Cope visited the regions and made many 
valuable discoveries, besides giving important notes concern- 
ing the geology of the formation. ‘‘The geology of the re- 
gions marked by this formation (the Niobrara epoch) is quite 
simple. The following description of the section along the line 
of the Kansas Pacific railroad will probably apply to similar 
sections north and south of it. The formations referable to the 
Cretaceous period on this line are the Dakota, Benton and Nio- 
brara groups, or Nos. 1, 2, and 3, etc.’’ 

In 1872 Professor Mudge made another expedition into the 
Cretaceous for fossils. The party accompanying him consisted 
of Professor Merrill, of Washburn College, Professor Felker, of 
Michigan Agricultural College, Professor Warder, of the Indiana 
Geological Survey, and seven students of the Agricultural College. 
They explored northwestern Kansas, traveling over 900-miles. It 
was on this exposition that Professor Mudge found the remark- 
able specimen of Jchthyornis, from the North Fork of the Solo- 
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mon, which furnished to the world the discovery of the then 
startling fact of birds with genuine teeth. Under the date of 
September 2 of that year, Professor Marsh wrote to him in- 
quiring about his summer collections in the Cretaceous, with 
the offer to ‘‘ determine any reptilian or bird remains without 
expense,’’ and stating that he would give him “‘ full credit ’’ for 
their discovery. Under date of September 25 he again wrote 
to him, acknowledging the receipt of a box of fossils, and stating 
that the ‘‘ hollow bones are part of a bird, and the two jaws be- 
long toasmallsaurian. The latter is peculiar, and I wish I had 
some of the yertebrze for comparison with other Kansas species.’’ 
The latter is the Colonosaurus mudget Marsh, which was after- 
wards found to belong with the bird specimen. 

In the autumn of 1872, Marsh, with a small party, made 
another expedition into the same region. ‘These were the only 
times that Marsh personally visited these regions, all of his col- 
lections being afterward obtained by parties employed by him. 

In 1873 Mudge again spent some time in the exploration of the 
Cretaceous beds in the more northern part of the state — the 
only region that was at all safe from marauding Indians. 

In 1874 Professor Mudge began systematic collections for 
Yale College, assisted by Mr. Henry Turner, of Clay Center. In 
July of that year his party was joined by Mr. (now Doctor) 
Harry A. Brous, of Manhattan, and myself, and explorations 
were continued into November along the Saline and Smoky 
Hill rivers. 

In 1875 explorations for Yale College were eontinued by Pro- 
fessor Mudge, assisted by Mr. Brous and myself, from March 
to October. 

In 1876 the party under charge of Professor Mudge consisted 
of Mr. Brous, Mr. E. W. Guild, who had been collecting the 
previous year independently, for Yale, Mr. G. P. Cooper, of To- 
peka, and myself. Work was continued until late in November. 

In 1877 the party (under charge of myself ) collecting for Yale 
College consisted of Mr. Guild, Mr. Cooper, and my brother, 
Mr. F. H. Williston. 

Meanwhile Mr. Charles Sternberg had collected by himself in 
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these regions, during 1875, for Professor Cope. In 1877 Mr. 
Sternberg was in charge of a party for Professor Cope, com- 
posed of Mr. (now Dr.) Russel Hill, of Philadelphia, Mr. Wil- 
bur Brous and Mr. Knipe, of Manhattan. For several years 
following Mr. Guild collected for Yale College and Mr. Stern- 
berg made some collections for Harvard University. 

In 1878 Professors Mudge, Snow and Dyche (then a stu- 
dent) spent some time in Gove county collecting for the Uni- 
versity. It was on this expedition that Professor Snow obtained 
the specimen of Tylosaurus showing the skin. 

For a number of years prior to 1895 Mr. H. T. Martin col- 
lected for Yale College. In 1890 Prof. George Baur collected 
several weeks for Professor Zittel, of Munich. In 1889 and 
1890 Judge E. P. West obtained many valuable specimens for 
the University of Kansas. In 1891 a party under my charge, 
composed of Mr. (now Professor) E. C. Case, Mr. (now Profes- 
sor) E. Slosson and Mr. Charles Sternberg spent about two 
months on the Smoky Hill river searching for specimens for 
the University of Kansas. Mr. Charles Sternberg, in the latter 
part of that year and in the following, made considerable collec- 
tions for Professor Zittel. In 1895 Messrs. H. T. Martin and 
T. R. Overton spent the season in making collections for the 
University of Kansas. During the past two years collections 
have been made by Mr. Martin and Doctor Mathews for the 
American Museum, of New York city. Some additional speci- 
mens of value have been obtained by purchase for the Univer- 
sity of Kansas from Mr. Sternberg, Mr. Martin, and others. 

This in brief represents the explorational work in the Nio- 
brara Cretaceous deposits to the present time. The few months 
of collecting done by Marsh and Cope was under ample protec- 
tion of soldiers. While yet the danger was fully as great or 
greater, the various other parties spent over thirty months in the 
same regions with no protection other than what their own 
rifles and revolvers afforded. Immigrants were massacred al- 
most within rifle shot of the parties at different times, but for- 
tunately no encounter was had by the explorers, though at 
times the danger was escaped almost marvelously. 
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PART II. 


BIRDS. 
By §. W. WILLISTON. 


Plates V-VIII. 


BIRDS. 


By 8S. W. WILLISTON. 


Remains of birds always have been and always will be the 
rarest of vertebrate fossils. From the habits of the great ma- 
jority of species, together with the lightness and buoyancy of 
their bodies in the water, it is very evident that, even where 
they are abundant, they will not often fall into such positions 
that they will be fossilized. Although, with our present evi- 
dence, they first made their appearance in geological history as 
far back as the Jurassic formation, scarcely two score of valid 
species have thus far been discovered from the Mesozoic, and all 
of those, with one or two exceptions, are from the Upper Creta- 
ceous formations. 

The famous Archeopteryx, from the Jurassic of Solenhofen, the 
earliest bird known, has long been renowned for its strange 
mingling of reptilian and avian characters. With the wings 
imperfectly developed, there were long reptilian fingers with 
claws, adapted for seizing and grasping. The jaws were pro- 
vided with well-developed teeth, and the tail was elongated as 
in reptiles, each individual vertebra provided with a pair of 
long feathers. 

The famous footprints of the Connecticut Triassic sandstone 
were, for a long time, supposed to have been made by birds. 
More recent discoveries of the remarkable reptiles known as 
Dinosaurs have shown that it was not only possible, but very 
probable, that all of them were made by these animals and none 
by birds. 

From the Lower Cretaceous no bird remains are yet known. 
From the Upper Cretaceous, aside from the footprints noticed 
below, the only remains yet known in America are from the 
Green Sand of New Jersey, the Niobrara Cretaceous of Kansas, 
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and the Fox Hills Cretaceous of Wyoming. Laopteryx, the sup- 
posed bird from the Jurassic of Wyoming, was founded upon 
very incomplete remains, and is, in all probability, not a bird, 
but a small Dinosaurian reptile. 

Twenty species of birds have been described from the Ameri- 
can Cretaceous, the larger number of which are from the Kan- 
sas Cretaceous. Nota few of these are based upon very slight © 
material, and it is not at all improbable that future fortunate 
discoveries will unite some of these and at the same time add 
new forms to the number already known. 

Bird remains, in Kansas, are, as elsewhere, among the rarest 
of the vertebrate fossils. One is likely to search weeks, and 
even months, without finding a single bone, even fragmentary. 
Among the thousands of specimens of vertebrates that have 
been collected in Kansas, not more than 175 of birds, of all 
kinds, have hitherto been discovered. 


BIRDS OF THE NIOBRARA CRETACEOUS. 


The first specimens of birds known from Kansas were ob- 
tained by the expedition of Professor Marsh in 1870. In the 
following year a much more complete specimen of a Hesperornis 
was obtained by another expedition in charge of Professor 
Marsh, and, in 1872, still other specimens. 

By far the most important specimen of these early years, if 
not the most important of all those succeeding, as well as the 
one from which the discovery of the dentition was made, was 
one discovered by the late Professor Mudge, and sent by him 
to Professor Marsh. It was found by him near Sugar Bowl 
Mound, in northwestern Kansas, in 1872, and was first de- 
scribed by Marsh in October of that year under the name Ich- 
thyornis dispar. 

An incident related to me by Professor Mudge in connection 
with this specimen is of interest. He had been sending his 
vertebrate fossils previously to Professor Cope for determina- 
tion. Learning through Professor Dana that Professor Marsh, 
who as a boy had been an acquaintance of Professor Mudge, 
was interested in these fossils, he changed the address upon the 
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box containing the bird specimen after he had made it ready to 
send to Professor Cope, and sent it instead to Professor Marsh. 
Had Professor Cope received the box, he would have been the 
first to make known to the world the discovery of ‘‘ Birds with 
Teeth.’? (See Addenda to Part I.) 

During the succeeding years, the large collections of birds 
from this state were made for Professor Marsh by Mudge, Brous, 
Cooper, Guild, F. H. Williston, and the writer. Other bird re- 
mains have been obtained by Sternberg and Martin. In the 
University of Kansas museum there are portions of some twelve 
or more birds, including one specimen of a Hesperornis, much 
the most complete and perfect of any hitherto discovered. They 
apparently do not represent any new species or new forms, 
though not all agreeing with those described by Marsh. 

In the present paper it is not worth while entering into any 
detailed description of these forms, inasmuch as the very com- 
plete and richly illustrated monograph of Professor Marsh” must 
remain indispensable to all those who wish to obtain more com- 
plete information. 

The following list includes all the known species of birds from 
the Kansas Cretaceous, based upon fossil remains : 


RATIT A — Odontolee. P 
Hesperornis. 
Marsh, Amer. Journ. Sci., 111, 56, Jan., 1872. 
HI. vegalis Marsh, Amer. Journ. Sci., 111, 56, 1872. 


This species is the best known and the most common of 
all the species from the Kansas Cretaceous. Practically 
the complete skeleton is known. See pl. vi. | 


HI, crassipes Marsh, Amer. Journ. Sci,, x1, 509, June, 1876 (Lestornis). 


This species was discovered by Mr. G. P. Cooper, and col- 
lected by the present writer from the yellow chalk of 
Plum creek, in Gove county, Kansas. It is peculiarly 
characterized by the presence of a rugosity on the pos- 
terior outer side of the tarso-metatarsal, above its mid- 


_ 26, Odontornithes; a Monograph of the Extinct Toothed Birds of North America. By Oth- 
nie] Charles Marsh. New Haven and Washington, 1880, 
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dle, as though foraspur. The specimen, which comprises 
a considerable portion of the skeleton, was first described 
as the type of the genus Lestornis. Marsh, later, thought 
that the roughening might be a sexual character. 


Hi. gracilis Marsh, Amer. Journ. Sci., x1, 510, 1876. 


This species, of smaller size than the preceding, is known 
from the nearly complete skeleton, according to Marsh, 
but has never been adequately described. 


Baptornis. 
Marsh, Amer. Journ. Sci., xiv, 86, July, 1877. 


B. advenus Marsh, Amer. Journ. Sci., |. ¢., 1877. 


The type specimen, upon which this species and genus were 
based, was collected by a member of the writer’s party 
in the yellow chalk. The generic difference is chiefly 
based upon the small size of the outer metatarsal. 


CARINAT 4 — Odontotorme. 
Ichthyornis. 
Marsh, Amer. Journ. Sci., Iv, 344, Oct., 1872. 


I. dispar Marsh, 1. ¢c., 1872. 


The type specimen of this species was discovered, as already 
explained, by Mudge in 1872. Itis, perhaps, the most 
complete specimen of this group that has ever been found, 
and the first of any known birds that showed the pres- 
ence of teeth in the jaws. The teeth were first described 
as belonging to a reptile, by Marsh, in the Amer. Journ. 
Sci. for November, 1872, under the name Colonosaurus 
mudget. The species is at present known from nearly 
the complete skeleton. 


I. agilis Marsh, Amer. Journ. Sci., v, 230, 1873 (Graculavus). 


This species was based on very imperfect material discoy- 
ered by Marsh in 1872, and has never yet been adequately 
described or figured, so that its determination, save by 
comparison with the type, will be more or less doubtful. 
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I, anceps Marsh, Amer. Journ. Sci., 111, 364, May, 1872 (Graculavus). 


The type specimen, from the North Fork of the Smoky 
Hill river, has never been figured. 


I. tener Marsh, Odontornithes, p. 198, 1880, pl. xxx, f. 8. 
Discovered by Mr. E. W. Guild, on the Smoky Hill river, 
in 1879. 
I. validus Marsh, Odontornithes, p. 198, ff. 11, 14. 
Discovered by myself on the Solomon river, in 1877. 
I. victor Marsh, Amer. Journ. Sci., x1, 511, June, 1876. 


The type specimen was discovered by Dr. H. A. Brous on 
the Smoky Hill river. Forty other specimens are re- 
ferred by the author to the same species. 


Apatornis. 
Marsh, Amer. Journ. Sci., v, 162, Feb. 1872. 


A, celer Marsh, Amer. Journ. Sci., v, 74, Jan. 1872 (Ichthyornis). 


The type specimen was discovered by Marsh in 1872. A 
more perfect specimen was found later by my brother, 
Vir Ee Walliston?.im Siac 


The systematic position of the toothed birds from Kansas is 
by no means yet settled. All ornithologists are, however, 
agreed that they do not form a separate group, and the name 
Odontornithes is in consequence generally abandoned. The 
value of the teeth is subordinate; they do not in themselves 
justify a separate subclass. 

Hesperornis regalis, the best-known species of the genus, was 
a bird measuring about six feet from point of bill to the tip of 
the feet when outstretched, or standing about three feet high. 
It was an aquatic bird, covered with soft feathers, wholly wing- 
less, the rudimentary wing bones doubtless being inclosed under 
the skin, and not at all effective in locomotion. The legs were 
strong and moderately long; the neck long and flexible. The 
bill was long, and was provided with small but effective conical 
teeth set in the jaw firmly. Those of the upper jaws were few 
in number and set in the back part, while those of the mandibles 
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formed a complete series. The jaws were united in front by 
cartilage only, permitting considerable mobility, which was 
doubtless very serviceable in swallowing their prey, which must 
have consisted of fishes caught by diving. The bones of the 
body were solid throughout, not hollow, as in almost all living 
birds. The sternum had no keel, as in the flying birds and 
those descended from flying birds, but was as in the ostrich. 
The vertebre and skeleton, aside from the teeth, were not un- 
like those of modern birds, and, were the skull yet unknown, 
would be unhesitatingly referred to the subclass to which the 
ostrich, cassowary and rhea belong. A specimen now in the 
University museum, collected by Mr. H. T. Martin recently, is 
remarkable in showing the scuta of the tarso-metatarsal region, 
together with the feathers. A photographic reproduction of 
this part of the specimen is shown in pl. vir. I have sketched 
in the tarso-metatarsal bone, to show its position. Indications 
of feathers are also seen on the back portion of the head, and 
everywhere they appear to be more plumulaceous than the or- 
dinary type of feathers. 

In pl. vi is shown the restoration of Hesperornis regalis, after 
Marsh, together with figures of the jaws and of the teeth (pl. 
vit). It may be added that the birds were of a low degree of 
intelligence, as proven by the small size of the brain. 

Ichthyornis was as different from Hesperornis as a dove is from 
an ostrich. While in Hesperornis the wings were rudimentary 
and the breast-bone without a keel, in Jchthyorinis the wings 
were large and powerful and the keel well developed. All the 
members of this group were small, none perhaps much larger 
than a dove. The bones were hollow, as in most recent birds. 
The jaws had teeth, like those of Hesperornis, and the birds 
doubtless fed upon fishes or other small animals. The most 
peculiar character was, however, the structure of the vertebre. 
In all recent birds, as also in Hesperornis, the vertebre have a 
peculiar articulation, which permitted ample flexure in all di- 
rections. The articulation is what is called reciprocal mo- 
tion, or the saddle-shaped articulation, found, for instance, to a 
moderate extent in the vertebre of the human neck. In this 
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articulation the end of the centrum has the surface concave in 
one direction and convex in the other, corresponding to similar 
but reversed concavity and convexity in the adjacent surface of 
the contiguous vertebre. In Ichthyornis this peculiarity was 
almost wholly wanting, the two ends of the centrum being 
nearly alike and gently concave in the middle. This concavity 
is not nearly so deep as in fish vertebre, but is nevertheless of 
that type, which suggested the generic name from ichthyos, fish, 
and ornis, bird. In other respects Ichthyornis did not differ 
notably from the common flying birds of the present time. 
Among recent birds the tern seems to approach Ichthyornis 
most closely, due, doubtless, to similar modes of life. In pl. vir 
will be seen the vertebre and jaws of Ichthyornis, after Marsh. 

Because Hesperornis was a swimming bird and Ichthyornis a 
bird of powerful flight, skimming over the waters after the 
manner of the petrel, they have been more subject to fossiliza- 
tion than the strictly land-inhabiting birds were. Certainly 
there were many other species and genera of birds in existence 
at the time when these lived, since the great difference between 
the two forms could not have been attained without the devel- 
opment of many other forms. Of these, however, we have very 
few or no remains. Whether all birds contemporary with them 
were toothed or not it is impossible to say, but the probability 
is that they were. 

In pl. v a restoration of Hesperornis as in life is shown, as 
drawn by Mr. Prentice, under my direction. Of course the 
coloration is largely conjectural; it is that indicated by living 
birds of similar habits. 
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BIRD TRACKS FROM THE DAKOTA CRETACEOUS. 


The Dakota Cretaceous in Kansas has yielded many impres- 
sions of leaves, but no vertebrate remains of any kind have so 
far been discovered either in Kansas or elsewhere, save im- 
pressions or casts. A record of footprints from this formation 
was first made by Prof. B. F. Mudge, in 1866, and a later one by 
Prof. F. H. Snow. I give below the descriptions by both of 
these writers, in completion of the knowledge of this group of 
vertebrates from Kansas. 

The following is by Professor Mudge :* 

‘‘In returning recently from an examination of the salt de- 
posits of the Republican valley, we obtained a slab of sand- 
stone, 7 situ, containing four impressions, and, at least, two 
varieties of fossil footmarks (Ornithicnites). Although the 
number is small, and the prints not in the best state of pres- 
eryation, yet the specimens are valuable as showing a new point 
in the distribution of such fossils. 

‘‘The locality at which the tracks were found is on the south- 
westerly bank of the Republican river, about fifty miles from the 
mouth. The sandstone here rises from below the bed of the 
river in a bluff over 125 feet. The stratification is not very 
regular; in many cases showing an unconformable deposit, such 
as is frequently seen where sand is deposited in shoal water by 
varying currents. . . . The slab containing the tracks was 
found near the highest point of the bluff, on a projection within 
a hundred yards of the river. It is much weathered, which in- 
jures the distinctness of the footmarks. 

‘‘Sprecies 1. Track number C. Divarication of the lateral 
toes, 65°; of the inner and middle toes, 35°; of the middle and 
outer toes, 35°; length of the inner toe, 3.75 inches; of the 
middle toe, 5.1; of the outer toe, 3.75; of the foot, 5.5; dis- 
tance between the tips of the lateral toes, 4.1; projection of the 
middle toe beyond the others, 2.1. 


27. Discovery of Fossil Footmarks in the Liassic (?) Formation in Kansas, Amer. Journ. Sci. 
XLI, 174, 1866. 
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‘“‘Species 2. Track number A. Divarication of the lateral 
toes, 65°; of the inner and middle toes, 35°; of the middle and 
outer toes, 35°; length of the inner toe, 2.6 inches; of the 
middle toe, 3.5; of the outer toe, 3.1; of the foot, 3.75; dis- 
tance between the tips of the lateral toes, 3.2; between the 
inner and middle toes, 3.1; between the middle and outer toes, 
2.2; projection of the middle toe beyond the others, 1.2 inches. 

‘¢ Track number B appears to be the left foot of the bird which 
made number A, as the angle and length of the toes are the 
same ; but the position of the inner toe standing so far back of 
the others throws some doubt upon it. Number D may be the 
track of still another species, or it may belong to species 1; it 
is so indistinct that we cannot decide upon this point.’’ The 
letters refer to the four different impressions upon the slab. 

Later Mudge was led to believe that these prints were the 
result of Indian work. 

In the Transactions of the Kansas Academy for 1888, p. 3, 
Prof. F. H. Snow described more fully and figured a footprint 
from the Dakota as follows :* 

‘‘ During the past two years Mr. E. P. West has been assist- 
ing the writer in the collection of geological specimens for the 
University cabinets. In the month of August, 1885, he was so 
fortunate as to discover, near Thompson’s creek, in Ellsworth 
county, Kansas, a single well-marked impression, which I be- 
lieve to be a genuine bird track. The piece of rock containing 
the impression was picked out from a pile of material which 
had been removed from a well excavation forty-four feet in 
depth. This well was sunk in the Dakota sandstone, and the 
geological horizon of the bird track is about 200 feet below the 
upper level of the Dakota rocks. The horizon of the bird track 
appears to be identical with that of a fine series of dicotyled- 
onous leayes obtained on Thompson’s creek, at a distance of 
about a mile and a half from the well. 

‘“The impression appears to have been made by the right foot 
of some bird with elevated hind toe just reaching the ground 
at its extremity, as in the modern snipes and other wading 


28, On the Discovery of a Fossil Bird Track in the Dakota Sandstone. 


52 University of Kansas Geological Survey. 


_ AVZEESE &.CO.,CHI, 


Fic. 2 
BIRD TRACK FROM DAKOTA SANDSTONE. 


WILLISTON. | Birds. | 53 


birds, or in the family of sea-gulls and terns. That the track 
is probably that of the right foot, rather than the left, is indi- 
cated by the wider separation of the outer toe from the middle 
toe, resulting from the greater versatility of the outer toe as 
compared with the inner toe, a character illustrated in many 
families of existing birds, and carried to an extreme in the 
cuckoos and the woodpeckers, in which the outer anterior toe 
is entirely reversed in its direction and becomes a backward- 
pointing member.’’ (See opposite page.) 

‘*Tt will be seen, from the accompanying cut, that our bird 
track exhibits the imprint of all four of the toes. The outer 
anterior toe is represented for fully two-thirds of its length. The 
middle and inner anterior toes are entirely impressed, even to 
the claws at their extremities—the claw being very distinctly 
marked upon the middle toe. The ball of the foot has left a 
very deep impression, and the posterior toe has made an unmis- 
takable imprint upon the sand similar to those made at the 
present time by birds whose hind toes just reach the ground. 
That this impression is avian in character, rather than reptilian, 
is evident from the imprint of the hind toe, for no dinosaur or 
other reptile, either recent or extinct, is known to have a back- 
wardly directed toe. . . . The small size of our Dakota 
track is a confirmatory indication of its avian character. It 
measures only two inches from anterior middle claw to claw of 
posterior toe, being a little larger than the foot of Prof. O. C. 
Marsh’s Ichthyornis victor as restored by him in his famous 
monograph of the Odontornithes.’’ 

The slab on which were the prints described by Mudge was 
left at the Agricultural College. In the general neglect of 
Mudge’s collection, after his connection with the institution 
ceased, the specimen has been lost. The specimen described by 
Snow is now preserved in the University of Kansas museum. 
The description and figure given by Snow describe the specimen 
sufficiently well. I agree with him in his conclusions. The 
print is in all probability that of a bird. 


EXPLANATION OF PLATES. 


PLATE V.— Life restoration of Hesperornis regalis Marsh. Drawn by Sydney 
Prentice. 


PLATE VI.—Skeleton of Hesperornis regalis Marsh. After Marsh. 


PLATE VII.—Figs. 1, 2, jaws of Jchthyornis dispar Marsh, twice natural size; 
3, 4, cervical vertebra of same, twice natural size; 5,6, mandible of Hes- 
perornis regalis Marsh, half natural size; 7, 8, vertebra of same, natural 
size; 9, tooth of same, much enlarged. All after Marsh. 


PLATE VIII.— Photograph of scutes and feather impressions of the tarsal re- 
gion of Hesperornis species, from a specimen in the University of Kansas 
museum. Enlarged. 
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Enlarged one-fourth. 
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DINOSAURS. 


By 8. W. WILLISTON. 


THE group of Dinosaurs comprises the largest land animals 
that have ever existed, in some cases reaching such enormous 
proportions as to be almost incredible. In size and structure 
they are exceedingly diverse, and of course they varied also 
greatly in their habits. The smallest were perhaps not much 
larger than a cat, while the largest reached a length of over 
sixty feet and a height of fifteen or sixteen Unlike the rep- 
tiles of the present day, none were crawling animals; they 
walked erect, either on two feet, after the manner of a kanga- 
roo, which they resembled not a little in form, or upon all four 
feet, as a quadruped. In all cases, however, the front legs were 
smaller than the hind ones, and, in the bipedal kinds were as 
small in proportion tothe hind ones as those of a kangaroo are. 
It is not known what kind of a skin they possessed, but in all 
probability it was bare, without scales or bony plates, save ina 
few forms where the body was covered in a large part, perhaps 
wholly, by bony plates and spines. While the Dinosaurs were 
in many respects the most specialized of the reptiles, of a higher 
order of structure than any now living, they were, for the most 
part, animals of a low order of intelligence. In fact, in some of 
the very largest forms the brain was very slightly developed, an 
animal of twenty tons weight or more having a brain no larger 
than one’s double fist. Some of the smaller species were ex- 
ceedingly delicate in structure, having bones more hollow and 
light than is the case with any birds known. On the other 
hand, many of the larger forms were massive and heavy, with 
thick, solid, heavy bones. Such may have been amphibious in 
habit, living in marshes, lakes, and rivers, and feeding upon the 
succulent aquatic vegetation. They were, however, in all cases 
strictly land animals, never having the limbs in the least 
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adapted for swimming. In some there are extraordinary de- 
velopments of horns, plates and spines upon the body and head. 
A skull of one immense kind, now represented in the Univer- 
sity museum, had a pair of horns over three feet in length on 
the top of the head, and another a foot long over the nose. 
This skull is seven feet in length, about five feet in width, and 
as many in height. The thigh bone of the largest species of 
Dinosaurs, from Wyoming, was over six feet in length, and 
weighed, as petrified, over 1100 pounds. The bipedal forms 
were usually of lighter structure, and must have been quicker 
and more fleet in their movements, probably progressing by 
long strides and leaps, and it is not at all improbable that some 
of the smallest, hollow-boned kinds were arboreal in their 
habits, iving among the branches of trees, or perhaps about 
cliffs and promontories. Many of the bipedal forms, both large 
and small, were carnivorous in habit, having long, sharp and 
cutting teeth, which must have been exceedingly formidable 
weapons. The very largest were herbivorous, as were also 
many of the smaller ones. 

The Dinosaurs ranged in time from the Triassic to the close 
of the Cretaceous, some of the most remarkable and extraor- 
dinary types occurring in the Laramie Cretaceous. In geo- 
graphical distribution they seem to have occurred over the 
entire earth, with the possible exception of Australia, where 
none have yet been found. 

Being land animals, their remains must of course occur with 
great rarity in marine formations, and, inasmuch as nearly all 
of the Kansas Cretaceous deposits are marine, they can never 
be expected to be found here in numbers. In fact, but one 
single specimen has ever been found in the state, so far as | am 
aware, though the animals must have lived here about the 
shores of the Cretaceous seas in great abundance. 

In their classification there is not a unanimity of opinion 
among paleontologists. Many hold the opinion that they con- 
stitute a distinct subclass of reptiles, equivalent in the impor- 
tance of their characters to all the other reptiles combined. 
Be this as it may, they are by general consent classed in three 
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distinct groups: the Sauropoda, Theropoda and Predentata of 
Marsh. Other names may be eventually chosen in the place of 
these. 

The Theropoda comprise bipedal carnivorous forms of more 
slender constructions and hollow bones, and were among the 
earliest of the known Dinosaurs. The Sauropoda were the 
most massive, with the fore legs only a little smaller than the 
hind ones, and were quadrupedal in habit. They were all her- 
bivorous and probably amphibious. Their limb bones were 
solid. The Predentata were herbivorous in habit, and either 
bipedal with hollow bones or more or less quadrupedal and the 
bones solid. They included three subdivisions: The Stego- 
sauria, with solid bones and small fore limbs, but not walking 
erect, the body covered with large bony plates and spines; the 
Ceratopsia, with solid limb bones and extensive horns on the 
head, their habit quadrupedal; and the Ornithopoda, animals 
resembling in form the Theropoda, but herbivorous, with solid 
or hollow bones, and without dermal armor. 

The last of these subdivisions includes the only known form 
from Kansas. The single Dinosaur specimen known from 
Kansas was discovered by Professor Marsh in 1872, in the Nio- 
brara chalk” of the Smoky Hill river, and named Hadrosaurus 
agilis by him.” Allied kinds were discovered later in the Lara- 
mie Cretaceous by Mr. J. B. Hatcher, and described by Marsh 
under the generic name of Claosaurus, which he proposed for 
the Kansas species in 1890.” ; 

The characters he gave for the genus are as follows: ‘‘ Pre- 
maxillaries edentulous ; teeth in several rows, but a single row 
only in use; cervical vertabrze opishthocelian; limb bones 
solid; fore limbs small; sternal bone parial; post pubis incom- 
plete; sacral vertebree, nine; femur longer than tibia; feet un- 
gulate ; three functional digits in manus and pes.’’” 


29. It is not impossible that the horizon was Fort Pierre, since the distinction between Pierre 
and Niobrara was not known to Marsh. 


30. American Journ. Sci., April, 1872. 
31. American Journ, Sci. 
32, Sixteenth Ann. Rep. U.S.G.S., 244. 


70 University of Kansas Geological Survey. 


In pl. rx is given a reproduction of Claosaurus annectans Marsh, 
a Wyoming species, but so closely allied to C. agilis that it will 
show sufficiently well the form and structure of the Kansas spe- 
cies. Itis after Marsh. 
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CROCODILES. 
By S. W. WILLISTON. 


Tue Crocodiles, inclusive of the Gavials and Alligators, are 
the highest type of reptilian life now existent upon the earth. 
It is almost impossible to state the number of species now living, 
since authors are not agreed as to what the valid species are, 
but they are found in nearly all the tropical and subtropical 
regions of the earth. They include three distinct types or 
groups: the Crocodiles, Alligators, Gavials or Gharials. The 
last group is confined at the present time exclusively to the rivers © 
of the interior of India, in the hottest regions. They are dis- 
tinctly more aquatic in their nature than are the other forms, and 
are especially characterized by the great elongation and slen- 
derness of their snout, armed with many sharp teeth. 

The Crocodiles are much more extensive in their range, occur- 
ring in India, Africa, Australia, and the tropical parts of Amer- 
ica. The head is broad and flat, the jaws are shorter and rounded 
in front, and the powerful teeth are irregularin size. The Alliga- 
tors are much more nearly like the Crocodiles than the Gavials. 
Their head is broad and flat, as in the Crocodiles. They may 
be distinguished by the large tooth of the lower jaw, sometimes 
called the ‘‘canine.’’ It is received into a pit or socket on the 
upper jaw, and is not visible when the mouth is closed, while in 
the Crocodiles it passes in a groove on the outside and is visible 
when the mouth is closed. The teeth of the Alligator are received 
on the inner side of the upper ones instead of between them, as 
in the Crocodile. The Alligators, with one exception, which oc- 
curs in China, are confined to the southern part of North Amer- 
ica and the northern part of South America. 

Both the Crocodiles and Alligators are more amphibious in 
habit than are the Gavials, and their teeth are better adapted 
(75) 
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for the seizure of mammals than the slippery fishes that the 
Gayials seek. 

The earliest fossil Crocodiles are found in rocks of Triassic 
age in both Europe and North America. These early types, 
however, are of a much more generalized kind than are the 
modern ones. These Triassic forms are more like the Gavial 
in shape, but the vertebre are not concavo-convex as in the 
modern, but biconcave, and this peculiarity of the vertebre 
continues into the Cretaceous and nearly through it, when the 
modern type of vertebre takes their place. 

The order is divided into three different suborders, based upon 
the structure of the head, especially the palatine bones and the 
nasal openings and the structure of the vertebre. The first, 
Parasuchia, includes the earliest types, such as Belodon, and 
had amphicceelian vertebre. The second, the Mesosuchia, have 
also biconcave vertebre, and ineluded the Jurassic and most of 
the Cretaceous forms. The third, the Eusuchia, with proccelian 
vertebra, is the modern type. 

But two crocodilians have been described from Kansas, both 
Mesosuchian, with a long, gavial-like head. Both are known 
only from very scanty materials, so that it is difficult to say 
much about them. The older one was described—but not 
named —by me from the Lower Cretaceous of Clark county as 
follows :* 

‘‘A single vertebra, wanting the neural arch, but otherwise 
well preserved, I refer somewhat doubtfully to Hyposaurus or 
a closely allied form. It has the articular surfaces nearly flat, 
with the rims sharp; the body is gently concave on the sides 
and below, from in front back, and with striwe near each rim 
for about half an inch. The surface elsewhere is smooth and 
even, without venous foramina. A transverse section through 
the middle would give the greater part of an elliptical figure, 
with the lower side somewhat flattened. Only the base of the 
pedicels is present, and there is no indication of a sutural union. 
Springing from them, or possibly from the body itself produced 
above to meet the arch, there is, on each side, a stout transverse 


33. Kansas Univ. Quart., IT, p. 3, pl. 1, ff. 4, 5. 
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process, the base only of which is present, but which appears 
to be short. In shape and appearance the centrum agrees well 
with one of Hyposaurus rogersii, from New Jersey, except in its 
more cylindrical shape. Its measurements are as follows: 


ene EHVOMCONECIIE ye eon a ee toe 40mm. 
Transverse diameter of articulating face........ SOM: 
Vertical diameter of same face................- aolnes 


‘«'The upper end of a femur (f. 3) found in the same region, 
and from near the Red Beds, appears to belong to the same kind 
of an animal as does the vertebra described above. The shape 
is not unlike that of a human femur, with the trochanters evi- 
dently small and placed much below the level of the head. The 
neck is stout, the head gently convex, with an angular border. 
The shaft below the trochanters is somewhat flattened from be- 
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fore back, but becomes more transverse below. The shaft is 
hollow, with firm walls, not more than one third of an inch in 
thickness. The portion preserved measures 210™™’’ 

From the Upper Cretaceous of Kansas there has been but a 
single species of Crocodile described, and I am not aware that 
there has ever been any other bones of these animals discovered 
than the single vertebra which served as the type of this 
species. Its horizon is the Benton, and the description by Cope 


is as follows: 
Hyposaurus vebbii Cope. 
Proceedings of the Amer. Phil. Soe , 1872, p. 310. 


‘‘An anterior cervical vertebra presents the following charac- 
teristics. It is that one in which the parapophysis occupies a 
position opposite the lower third of the vertical diameter. Its 
centrum is stout in form; the articular faces but little concave ; 
the posterior a little more so than the anterior. The anterior is 
almost regularly hexagonal; the posterior subround, a little 
deeper than wide. The inferior surface possesses a strong, 
obtuse, median carina, which disappears in front of the pos- 
terior margin. Anteriorly, it terminates in a short, obtuse 
hypapophysis. The suture of the neural arch is very coarse. 
Surface of the bone smooth. 


Measurements. 


henge thoi aihercentrum-cs =e eee eee eee eee eee eee 37mm. 
Diameter of the centrum anteriorly: 
Wernticalyy isc ate eee eC ee Sn ae ae 32) 6 
TOTIZOn tals eee Tyce tain aren ea cues Sis 
Diameter of the centrum posteriorly: 
Wierticallsapecaed tee tucie ins se tokc eon CRE EEC By AG 
Horizontal: isa yeusteuka eC eee ee ee eee Bec 
Length of the surface of the parapophysis............. Igy 


‘“‘As compared with the H. rogersii, of the New Jersey Cre- 
taceous, this vertebra is shorter and stouter, and the extremi- 
ties less concave; the suture for the neural spine is much 
coarser. 

‘This Crocodile was discovered in a bluish stratum, encoun- 
tered in digging a well in Brookville, Kan.’’ 


PART V. 


MOSASAURS. 
By S. W. WILLISTON. 


Plates X-LXXII. 


MOSASAURS. 


By S. W. WILLISTON. 


HISTORICAL. 


Ir is now more than a century since the first specimen of the 
singular group of reptiles known as the Mosasaurs was dis- 
covered, and only at the present time has our knowledge of 
them become at all complete. No group of extinct reptiles has 
been more abundantly represented as fossils, unless it be the 
Dinosaurs, and in no group have more skeletons and parts of 
skeletons been brought to light in the museums. Kansas, 
par excellence, has been the great collecting ground of the world 
for these reptiles. Since first a specimen was discovered by 
Doctor Turner, of Fort Wallace, in 1868, and taken east by 
Leconte, to be shortly afterwards described by Cope, many hun- 
dreds, yes thousands, of these animals have been collected. 
Doctors Janeway and Sternberg, at Hays and Wallace, Professors 
Marsh and Cope, in field expeditions, Professors Mudge and 
Snow, H. A. Brous, George Cooper, Charles Sternberg, E. P. 
West, E. W. Guild, H. T. Martin, Professor Baur, E. C. Case 
and the writer have at different times collected for institutions 
of America and Europe. A thousand or more specimens are 
now in the Yale museum, collected at an expense of many 
thousand dollars, several hundred are in the University of 
Kansas, and other institutions of America, and others in lesser 
number are in the museums of Munich and of Great Britain. 
Scattered publications, based often upon fragmentary material, 
make it difficult to obtain any connected knowledge of what the 
forms are in Kansas. 

The present work is an endeavor to bring together clearly 
and distinctly all the important facts about the Mosasaurs of 
Kansas. The work has been the result of much careful study 
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of the rich material now in the University of Kansas — material 
that is sufficient to elucidate nearly all that is to be learned 
about the Kansas genera and species. Little or nothing has 
been taken at second hand from other writers, so far as the 
Kansas Mosasaurs are concerned, and for nearly every state- 
ment herein contained the present writer is alone responsible. 
The general reader who does not care to go through the neces- 
sary mass of descriptive matter is referred to the concluding 
chapter, on the ‘‘ Restorations of the Kansas Mosasaurs.’’ 

The first specimen of Mosasaurs of which we have historical 
knowledge was discovered by Doctor Hoffman, a surgeon of 
Maestricht, in 1780, and has been the subject of numerous de- 
scriptions and discussions by some of the most famous natural- 
ists of the world. Its discovery, and the subsequent destination 
of the fossil, is the subject of the following account by M. 
Faujas-Saint-Fond, in his ‘‘Natural History of St. Peter’s 
Mount’’: 

‘Jn one of the galleries or subterraneous quarries of St. Pe- 
ter’s Mount, at Maestricht, at the distance of about 500 paces 
from the principal entrance, and at ninety feet below the sur- 
face, the quarrymen exposed part of the skull of a large animal 
imbedded in the stone. They stopped their labors to give notice 
to Doctor Hoffman, a surgeon at Maestricht, who had for some 
years been collecting fossils from the quarries, and who had 
liberally remunerated the laborers for them. Doctor Hoffman, 
observing the specimen to be the most important that had yet 
been discovered, took every precaution to secure it entire. After 
having succeeded in removing a large block of stone containing 
it, and reducing the mass to a proper condition, it was trans- 
ported to his home in triumph. But this great prize in natural 
history, which had given Doctor Hoffman so much pleasure, 
now became the source of chagrin. A canon of Maestricht, 
who owned the ground beneath which was the quarry whence 
the skull was obtained, when the fame of the specimen reached 
him, laid claim to it under certain feudal rights and applied to 
law for its recovery. Doctor Hoffman resisted, and the matter 
becoming serious, the chapter of canons came to the support of 
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their reverend brother, and Doctor Hoffman not only lost the 
specimen but was obliged to pay the costs of the lawsuit. The 
canon, leaving all feelings of remorse to the judges for their 
iniquitous decision, became the happy and contented possessor 
of this unique example of its kind. 

‘‘ But justice, though slow, arrives at last. The specimen 
was destined again to change its place and possessor. In 1795 
the troops of the French republic, having repulsed the. Aus- 
trians, laid siege to Maestricht and bombarded Fort St. Peter. 
The country house of the canon, in which the skull was kept, 
was near the fort, and the general, being informed of the cir- 
cumstance, gave orders that the artillerists should avoid that 
house. The canon, suspecting the object of this attention, had 
the skull removed and concealed in a place of safety in the city. 
After the French took possession of the latter, Freicine, the rep- 
resentative of the people, promised a reward of 600 bottles of 
wine for its discovery. The promise had its effect, for the next 
day a dozen grenadiers brought the specimen in triumph to the 
house of the representative, and it was subsequently conveyed 
to the museum of Paris.’’ 

It is said that after peace was established the canon was re- 
imbursed for the specimen. But it still remains in Paris. 

This specimen was described and figured by Cuvier in 1808, 
and the generic name, Mosasaurus, was given to it by Conybeare 
in 1822; the name being derived from the river Meuse 
( Latin, Mosa),near which it was found, and saurus, a reptile. 

In 1843 a specimen previously discovered by Major O’Fallon, 
an Indian agent, at the Great Bend of the Missouri, who had 
it taken to his home in St. Louis and placed in his garden, was 
most carefully and fully described by Dr. August Goldfuss,* 
and admirably figured. This description and its accompanying 
plates were most strangely overlooked or neglected by later 
authors. The parietal and jugal arches, the pterygoids and vo- 
mers, the position of the quadrate and the presence of sclerotic 
plates, all were clearly described or figured. Nevertheless, they 


34. Der Schaedelbau des Mosasaurus, Act. Acad. Caes. Leop. Carol. Nat. Cur., xx1, 1843. 
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were all later announced as new discoveries. With the excep- 
tion of some brief and unimportant papers on the group by 
Morton and Leidy, the next most important contributions to 
the, knowledge of the Mosasaurs are due to the late Professor 
Cope. Aside from a number of short papers, his chief contri- 
butions will be found in his ‘‘ Synopsis of the Extinct Batrachia, 
etc.,’’ published in 1870, and his volume on the ‘‘ Cretaceous Ver- 
tebrata of the West,’’ published in 1875. In this last work he 
enumerates more than fifty species of the group from America. 
Meanwhile Professor Marsh had described a number of forms 
and published a number of discoveries concerning the anatomy 
of these animals, many of which, however, were rediscoveries 
of Goldfuss. These papers by Marsh will be found in the 
American Journal of Science. To him is due the discovery of 
the stapes, columella, transverse and hyoid, and the presence 
of the hind limbs, which had already been indicated by Gold- 
fuss. Since 1882, Dollo has very materially increased our 
knowledge of this group, and has established the following new 
genera in numerous papers: Plioplatecarpus, Hainosaurus, Prog- 
nathosaurus, and Phosphorosaurus. In 1892 Baur published a 
complete and minute description of the skull of Platecarpus, illus- 
trated by detailed drawings of the different parts, and Williston 
and Case gave for the first time a description of the vertebral 
column and more precise knowledge of the extremities and the 
general form of the Mosasaurs. Later papers by Williston have 
added to the knowledge of the Kansas forms, and the first cor- 
rect restoration of any member of this group was given by him. 
In 1894 was published a valuable illustrated paper on the Kan- 
sas Mosasaurs, by Merriam, in which several supposed new 
forms were briefly described and a number of new details given 
of the different genera, with more complete generic differences 
than had hitherto been published. Other papers by Gervais, 
Gaudry and Owen complete the list of the more important ones 
on this group of reptiles. 
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RANGE AND DISTRIBUTION. 


The Mosasaurs are at present known from four remote re- 
gions of the word—WNorth and South America, Europe, and 
New Zealand. Doubtless they lived over the greater part of 
the earth, and may be expected wherever marine Upper Creta- 
ceous deposits occur. Their geological range is confined exclu- 
sively to the Upper Cretaceous, from the time corresponding to 
the upper part of the Dakota to that of the lower part of the 
Laramie, or from the Upper Cenomanian to the Lower Danian. 
The correlation of the American Cretaceous deposits with those 
of Europe, or even with each other, is by no means exact, or 
even approximately exact. Nevertheless the equivalency of the 
different strata and epochs is sufficiently well determined to 
admit of approximate results. 

The oldest Mosasaurs are apparently those described by 
Hector from New Zealand, which he referred to the genera 
Liodon and Taniwhasaurus Hector.” The genus Liodon Owen, 
Dollo has recently shown to be a synonym of Mosasaurus.* 
Whether or not Hector’s species is congeneric with those placed 
under Liodon by Cope is not certain, though it is evident that 
it is closely allied. Taniwhasaurus is clearly of the Platecarpus 
type, and may possibly belong to that genus. 

The most recent form is the historical Mosasaurus giganteus 
Soemmering (M. camperi, M. hoffmani), from the Maestricht 
beds in the Lower Danian. These three forms, Tylosaurus, 
Platecarpus, and Mosasaurus, represent three distinct and diverg- 
ent types, which I have called the Tylosaurine, Platecarpine, 
and Mosasaurine, corresponding to the megarhynchous, micro- 
rhynchous and mesorhynchous types of Dollo.” 

The Tylosaurine begin with Lnodon (Tylosaurus ?) hawmur- 
iensis Hector in the Cenomanian of New Zealand, and continue 
to the Upper Senonian of Belgium as found in the genus Haino- 
saurus Dollo, from the brown phosphatic chalk of Mesvin 
ae On the Fossil Reptilia of New Zealand, Trans. and Proc. New Zealand Institute, v1, 338, 


36. Bulletin Soc. Belg, Geol., vir, 79, 1892. 
37. Mem. Soc. Belg. de Geol., rv, 163, 1890. 
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Cipley. In the interior of North America the type, so far as 
known, begins near the lower part of the Niobrara and termi- 
nates at its close or in the beginning of the Fort Pierre; that is, 
to use the European time periods, with the close of the Turo- 
nian or the beginning of the Senonian. Forms ascribed to this 
genus, the Liodon of Cope, are from the Lower Greensand or 
Lower Marl of New Jersey, but their positive identification is 
yet uncertain, if not doubtful, since the only characteristic 
parts, the rostrum, quadrate, and limb bones, have never yet 
been found. There is nothing improbable in its occurrence in 
these beds, but hitherto nothing decisively characteristic of 
Tylosaurus has been found there. The genus Hainosaurus is 
‘clearly of the Tylosaurus type. In fact, the two genera are so 
nearly related that decisive distinctional characters are not yet 
forthcoming, unless they be found in the paddles. 

The Platecarpinse have a very similar distribution. Begin- 
ning in the Cenomanian of New Zealand, in Taniwhasaurus, if 
the deposits of New Zealand are really contemporaneous with 
this epoch in Europe, they terminate in the closely allied Plio- 
platecarpus Dollo from the Lower Maestrichtian of Belgium. In 
North America the species upon which the genus Platecarpus 
has been chiefly based are known nowhere outside of Kansas 
and Colorado, and are here restricted exclusively to the Nio- 
brara. The type species of this genus, P. tympaniticus Cope, is 
from Mississippi, and is in all probability congeneric with the 
Kansas species, but this has not yet been satisfactorily proven, 
though it certainly belongs in the Platecarpine. 

From the Fort Pierre only one species can be referred to this 
group, and this with doubt. Brachysawrus described by myself 
may belong here, but I believe that its affinities are more close 
with the Mosasaurine. It is certainly closely related to Prog- 
nathosaurus Dollo,* from the Upper Senonian of Belgium, and I 
should have had little hesitancy in identifying it with that 
genus had not Dollo stated that the chevrons are free in Progna- 
thosaurus.” 


38. Mem. Soc. Belg. de Geol., 1, 193, 1889. 
39. Mem. Soc. Belg. de Geol., rv, 163, 1890. 
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Of the Mosasaurine, including the two genera Mosasaurus and 
Clidastes, the lowest horizon is the upper part of the Niobrara 
in Kansas. Clidastes ranges into the Fort Pierre, as previously 
stated by myself. In the eastern Atlantic region this genus is 
represented by forms closely allied to those from Kansas. Its 
range, then, is from the upper part of the Turonian through 
the larger part of the Senonian. 

The typical Mosasaurus is confined exclusively to the Senonian 
and Danian. Its distribution in North America is reputed to 
be from New Jersey, Alabama, and Dakota, but some of the de- 
terminations may be incorrect. The species from the Fort 
Pierre are, however, clearly congeneric with one or more from 
New Jersey. In Europe, Mosasaurus is known only from the 
Upper Senonian and the Danian (upper chalk and Maestrich- 
tian) ; that is, apparently, from later horizons than those in 
which the genus occurs in America. 

The two genera Mosasaurus and Clidastes are nearly related, 
though perhaps sufficiently different to justify their independent 
existence. 

From the known distribution of the Mosasaurs, Dollo has 
concluded : 

“Que la Nouvelle-Zéland (ou, mieux, les terres australes) est le 
centre dirradiation des Mosasauriens, qui en seraient partis 4 la fin 
de l’époque cénomanienne, auraient vécu uniquement en Amérique 
durant l’époque turonienne, auraient émigré en Kurope 4 l’époque 
sénonienne et s’y seraient éteints avec l’époque maestrichtienne.” 


The fact that Mosasaurs have been reported from the Ama- 
zonian Purus, corresponding to the Maestrichtian, would cer- 
tainly indicate that they had not become at all restricted in 
distribution in the latter part of their existence. 

The distribution of the Mosasaurs, so far as now known, 
seems to be of little value in the correlation of the Cretaceous 
epochs. Only a single genus seems to be of wide distribution, 
and the nearly related ones may be widely separated in geolog- 
ical range. ‘Two, perhaps three, distinct types appear suddenly 
in the Cenomanian, and have continued side by side in the same 
waters throughout the greater part of the time during which 
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the group has been in existence. Some minor divergent forms 
have appeared, such as the singular Phosphorosaurus Dollo, 
Prognathosaurus, and Brachysaurus, and, perhaps, Baptosaurus 
Marsh, which, by the way, is one of the latest American forms, 
from the Upper Greensand or Marl of New Jersey, and occur- 
ring, also, if Merriam’s determination is correct, in the Niobrara 
of Kansas. 

The common aquatic ancestor of the three types must be 
sought for in a much earlier period, certainly in the Lower Cre- 
taceous. The rudimentary or possibly functional zygosphene 
among the Platecarpine, or some members of it, and the com- 
plete zygosphene in Clidastes, together with the shortened 
muzzle and more fully ossified paddles, indicate a much closer 
relationship between the Platecarpine and Mosasaurine than 
between either and the Tylosaurine. In the last we find, in 
some forms at least, that the fifth finger is actually longer than 
the fourth, with as many phalanges, and that the carpus and 
tarsus are almost wholly unossified. If we assume with Dollo 
that the zygosphene is a primitive character, (and it must be 
unless it had an independent origin among the Mosasaurs,) then 
Clidastes would be the most generalized and Tylosaurus the most 
specialized of the Mosasaurs. In the paddles and skull, Tylo- 
saurus is, with hardly a doubt, more specialized than any other 
genus. However, although Clidastes may retain some of its 
primitive characters, it certainly shows in many other respects 
a high degree of specialization. 

I give below a tabular review of the known genera of the 
Mosasaurine arranged in systematic sequence, using the Eu- 
ropean time epochs for comparison’s sake. Of course it is un- 
derstood that the exact equivalency of these time periods is yet 
a matter of uncertainty. 


TYLOSAURIN 4. 
Tylosaurus Marsh. 


Cenomanian of New Zealand (Liodon haumuriensis Hector) . 
Upper Turonian of Kansas and New Mexico (Niobrara). 
? Senonian of New Jersey (Greensand ). 
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Hainosaurus Dollo. 
Upper Senonian of Belgium (brown phosphatic chalk of 
Cipley). 
PLATECARPIN 2%. 
Platecarpus Cope. 


Upper Turonian of Kansas and Colorado ( Niobrara). 
? Senonian of Mississippi. 

Plioplatecarpus Dollo. 
Lower Maestrichtian of Belgium ( Danian). 


Prognathosaurus Dollo. ¢ 


Upper Senonian of Belgium ( brown phosphate of Cipley). 
? Brachysaurus Williston. 

Senonian of Dakota (Fort Pierre). 
Sironectes Cope, and Holosaurus Marsh. 

Upper Turonian of Kansas ( Niobrara). 


Taniwhasaurus Hector. 
Upper Cenomanian of New Zealand. 


MOSASAU RIN LE. 
Mosasaurus Conybeare. 


Lower Danian of Belgium and England (Upper and Lower 
Maestrichtian and Upper Chalk ). 

Upper Senonian of Belgium (brown phosphate of Cipley). 

Senonian of New Jersey and Dakota (Greensand and Fort 
Pierre). 

? Senonian of Alabama and North Carolina. 

Clidastes Cope. 

Uppermost Turonian or lowermost Senonian of Kansas and 
Colorado ( Niobrara and Fort Pierre). 

Senonian of New Jersey, Alabama, and Mississippi. 


INCERTAZ SEDIS. 
Baptosaurus Marsh. 


Upper Senonian of New Jersey (Upper Greensand ). 
Upper Turonian of Kansas ( Niobrara). 
Phosphorosaurus Dollo. 


Upper Senonian of Belgium (brown phosphatic chalk of 
Cipley). 
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SYSTEMATIC POSITION. 


There has been much controversy regarding the systematic 
position of the Mosasaurs. By many they are considered to be 
a suborder of the Squamata, coequal with the Lacertilia and 
Ophidia, and this view has the support of Cope, Boulenger, and 
Dollo, all eminent herpetologists. On.the other hand, Owen, 
Marsh and Baur contend that they belong among the Lacertilia. 
If one accepts the division of the Lacertilia into Lacertilia, 
Rhiptoglossa, and Dolichosauria, then I believe that the sub- 
order Mosasauria should find an independent place with them. 
But otherwise I believe that they should be included among the 
Lacertilia in the wider sense as a distinct tribe. Surely the 
natatory character of their limbs, and the absence of sacrum, 
together with important differences in the skull, are sufficient to 
entitle them to a position of their own, distinguished from all 
other lizards. But, in any event they do not present any dis- 
tinct relationships with the Ophidia, and the name Pythonomor- 
pha in consequence must be given up. 

The history of the controversy between Professor Cope and 
the various authors who have contended for the subordinate 
position of the group is of sufficient importance to warrant a 
brief review here, with references to the literature concerned, to 
which the reader may turn, should he desire to pursue the sub- 
ject further. 

Cuvier, who was the first to publish a scientific discussion of 
the nature and structure of the Mosasaurs, contended that they 
were nearest allied to the Monitors and Iguanas.” 

Goldfuss, who published an excellent and extended paper on 
an American form of the group," expressed his views of their 
relationship as follows: ‘‘ The depressed, elongate form of the 
anterior part of the head, the narrow, long nares, the structure 
of the lower jaw and the presence of the palatal teeth, affirm 
Cuyier’s claim that this genus of animals finds its systematic 
position between the Monitors and Iguanas. If we follow the 


40. Sur le Grand animal fossile des cariere de Maestricht, Ann. Mus. Hist. Nat., x11, 145, 1808. 
41, Der Schaedelbau des Mosasaurus, Act. Acad. Caes. Leop. Carol. Nat. Cur., xx1, 1843. 


94 University of Kansas Geological Survey. 


structure of the skull in its details, we are surprised to find here 
a middle ground in which not only the peculiarities of the above 
named genera, but indeed also those of most other saurians are 
united, together with others which are peculiar to them and 
distinguish them from all others’? (p. 179). ‘‘From the fore- 
going it is seen that the genus Mosasaurus has only the teeth 
alveolee in common with the crocodilians and the bony sclerotic 
ring with the fish-like saurians, but on the other hand is related 
to the living lizards, and especially agrees with the Monitor’”’ 
(p. 188). 

In 1869” Professor Cope proposed for the reception of the 
Mosasaurs the erection of a special order, which he called 
Pythonomorpha, and for which he gave the following characters : 

‘‘1. The teeth have nofangs. 2. Thereis merely a squamosal 
suture between the maxillary and premaxillary. 3. The opis- 
thotic bone projects free from the cranium, and is the suspen- 
sorium of the os quadratum. 4. There is no columella. 5. 
There is no symphysis mandibuli. 6. The parietal is decurved 
posteriorly and unites with the alisphenoid, forming the cranial 
wall in front of the prootic. 7. The subarticular and splenial 
elements of the mandible are connected by articular faces. 8. 
The vertebre are very numerous, much exceeding 100, and 
frequently present the zygosphene articulation. 9. The ab- 
dominal cavity is long and surrounded by many short curved 
ribs, which have simple heads and a free antero-posterior move- 
ment on vertical articulating surfaces, and which commence 
close behind the axis vertebre. 10. The pterygoids are elon- 
gate and bear numerous teeth, and in one type are free, except 
at the extremities. 11. The brain-case is not fully ossified an- 
teriorly. 12. Scapula and coracoid elements are present. 13. 
The caudal yertebre are furnished with chevron bones. 14. 
The squamosal bone is present. 15. The angular bone is dis- 
tinct. 16. The os quadratum is movably articulated to the 
opisthotic. 17. The os quadratum embraces and incloses the 
meatus auditorius externus. 18. The opisthotic is supported by 
a pedestal projecting from the cranial walls, composed of the 
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prolonged prootic in front and the exoccipital behind, which em- 
braces the suspensorium for much of its length. 19. The 
anterior limbs are fins, with all the elements in a single plane ; 
the radius incapable of rotation; the humerus broad and flat. 
20. There are probably no hind limbs. Of the above charac- 
ters, the first eight are those of serpents; the five characters 
following the ninth are lacertian; while the seventeenth is pe- 
culiar, and not found in any existing order of reptiles. The 
eighteenth is characteristic of the Sauropterygia.”’ 

In 1875* he defined the order Pythonomorpha as follows: 

‘“‘1. The quadrate bone is attached to the cranium by a 
ginglymoid articulation, admitting of free movement. 2. The 
ribs are attached by simple articulations to single articular 
facets, or diapophyses, springing from the bodies of the vertebree. 
3. There are two pairs of limbs, which form paddles, having the 
elements arranged in one plane, and incapable of rotation or 
flexure on each other. 4. There is no sternum. 5. The scap- 
ular arch consists of scapula and coracoid only. 6. There is no 
sacrum. 7. The pelvis consists of slender elements, of which 
the inferior are nearly transverse, and meet, without uniting, 
on the middle line below. 8. The opisthotic bone projects free 
from the cranium as the suspensorium of the quadrate bone, 
and is supported and embraced by a pedestal projecting from 
the cranial walls, composed of the prootic in front and the ex- 
occipital behind. 9. The stapes lies in a groove on the posterior 
side of this suspensorium, and is produced to the os quadratum. 
‘10. There is no quadratojugal arch. 11. The parietal is de- 
curved posteriorly, forming the cranial wall in front of the 
prootic. 12. The brain chamber is not ossified in front. 13. 
The squamosal bone is present, merely forming the posterior 
part of the zygomatic arch. 14. The mandible is composed of 
all the elements characteristic of reptiles: the articular and sur- 
angular distinct; the angular represented by its anterior por- 
tion only ; and the coronoid present. 15. The atlas consists of 
a basal and two lateral pieces only; the odontoid is distinct, 
and is bounded by a free hypapophysis, besides the hypa- 
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pophysis of the axis. 16. The caudal vertebree support chevron 
bones. 17. The teeth possess no true roots.”’ 

In 1877 Professor Owen“ criticized these views of Cope, con- 
tending that the supposed ophidian characters do not really ex- 
ist in the Mosasauria, summing up his conclusions with the 
statement that ‘‘ The fossil evidences of the Mosasaurians hith- 
erto made known do not yield a single character peculiar to and 
characteristic of the ophidian order.’’ He contended that the 
Mosasaurs are aquatic Lacertilia, holding a position similar to 
that of the pinnipeds among the true carnivora. 

In his reply to this paper Professor Cope” gave the following 
characters as essential in the definition of the order, which he still 
contends is valid: ‘‘1. The parietal bones are decurved on the 
sides of the cranium, and are continuous with the alisphenoid and 
prootic elements. 2. The opisthotic is largely developed, and 
extends upwards and forwards to the walls of the brain-case. 
3. A distinct element connects the squamosal with the parietal 
bone above the opisthotic. 4. The teeth have no roots. 5. 
There is nosacrum. 6. There is nosternum. 7. The bones of 
the limbs possess no condylar articular surfaces. 

‘Of the preceding seven characters, the decurvature of the 
borders of the parietal bone at the margins, and their continuity 
with the margins of the prootic bones, is of importance as a 
character not found in the Lacertilia and universal among 
Ophidia. The opisthotic has a greater development than in 
lizards, where it does not reach the brain-case upward. In 
the serpents, its contact with the brain-case is well known. 
The existence of another element lying on the opisthotic, first 
pointed out by Marsh, is an important character. The anterior 
extremity of this bone enters into the side wall of the cranium 
below the parietal, occupying much the position of the pterotic, 
and resembling, even more than the opisthotic, the suspenso- 
rium of the Ophidia. Should this be the true homology, the 
affinity to the Ophidia is not strengthened ; and should it prove 


44. On the Rank and Affinities in the Reptilian Class of the Mosasauride, Gervais, Quart. 
Journ. Geol. Soc., 1877, 682. 

45. Cope, E. D., Professor Owen on the Pythonomorpha, Bull. U.S. Geol. and Geogr. Surv. 
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to be a distinct element, not found in either Ophidia or Lacer- 
tilia, the claims of the new order to existence are maintained. 
In either case it is clear that the ophidian suspensorium is not - 
the squamosal bone.”’ 

Unfortunately in these characters given by Cope there are 
several errors. There is no distinct element connecting the 
‘“squamosal’’ (prosquamosal) with the parietal bone above the 
opisthotic. There is the same kind of a sternum present as in 
the Lacertilia. The characters then left are the decurvature of 
the parietal bone, the absence of true roots to the teeth, and the 
absence of asacrum. The last character is also incorrect, since 
in some of the forms, at least, there are as distinct articular 
condylar surfaces as in the Lacertilia. To the decurvature 
of the parietal bone no great importance can be attached. The 
absence of a sacrum and the natatory character of the limbs 
are really the most important of all the characters adduced, 
and, I believe, certainly entitle the Mosasaurs to an independ- 
ent group among the Lacertilia. Among the last to criticize 
the classification of Professor Cope is Baur,** who reviewed the 
whole history of the controversy, described and figured the 
bones of the skull in an excellent way, and gave the following 


classification : 
PLATYNOTA. 


Superfamily Varanoidea. 


Families Varanide. 
Mosasawride. 


Superfamily Helodermatoidea. 
Family Helodermatide. 

‘‘T see no difficulty in assuming that the Mosasaurs developed 
from unguiculate Lacertilia, which were very close to the Var- 
anide. To express this affinity, I placed the Varanide and 
Mosasauridze in a superfamily, the Varanoidea. By this I 
wanted to say that the Mosasauridz cannot be separated from 
the true Lacertilia, to which the Varanoidea belong; in other 
words, that they cannot be placed as a suborder of the Squa- 
mata, but have to be placed among the suborder Lacertilia. In 
this opinion I have nothing to change.”’ 


46, Science, Nov. 7, 1890, and Journ. of Morph., vit, p. 1, 1892. 
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Baur does not insist upon uniting the Mosasaurs in the same 
ultimate division as the rest of the Lacertilia, or any of the living 
forms, but does insist that they be placed under the Lacertilia. 

In criticizing the first of these papers by Baur, Boulenger, 
the distinguished herpetologist, took the position, with Cope, 
that the Pythonomorpha constitute a distinct suborder of the 
Squamata, basing his views chiefly upon the limbs. He says: 
‘‘Does this mean that limbs as strongly modified as those of 
the Monitors can have been modified into the paddles of the 
Mosasaurs? <A glance at the figures suffices to refute such a 
theory.’’ He defined the Pythonomorpha as haying ‘‘nine or 
ten cervical vertebree. Extremities paddle shaped, with hyper- 
phalangy.’’ In the three Kansas genera of the Mosasaurs de- 
scribed in the present work there are never more than seven 
cervical vertebree. While hyperphalangy does occur among 
the Mosasaurs, there are some forms in which this is so in only 
a slight extent or not at all. In all the forms the ‘fifth meta- 
tarsal is reduced in length and strongly modified,’’ another 
lacertilian character given by Boulenger.* 

The latest definition of the Pythonomorpha given by Cope * 
is as follows: 


Alisphenoid modified as epipterygoid or wanting, leaving brain-case open; 
parietals flat; an interclavicle and clavicle; teeth with dentinal roots, 

Lacertilia. 

Epipterygoid present; parietals decurved, partially inclosing brain-case; no 


clavicle nor interclavicle; teeth with osseous roots...... Pythonomorpha. 
No epipterygoid; brain-case inclosed in front; no clavicle nor interclavicle; no 
forelimbs: teeth rootless 0407 o.. cee aces tee aee tee oe eee ee Ophidia. 


Dollo has recently affirmed the presence of a distinct interclay- 
icle in the Mosasaurs, first discovered by Marsh. I have never 
seen such a bone in the material that has been accessible to me. 

Following the foregoing papers and discussions appeared a 
paper by Dollo,* in which he summed up his views as follows : 


“En résumé, je suis done d’accord avec M. Boulenger pour regarder 
les Mosasauriens comme un sous-ordre distinct des Squamata. 


47. Boulenger, Notes on the Osteology of Heloderma horridum and H. suspectum, with Re- 
marks on the Systematic Position of the Helodermatide and on the Vertebre of the Lacertilia, 
Proc. Zool. Soc. Lond. 1891, pp. 109-118. 

48. Syllabus of Lectures on Geology and Paleontology, pt. 111, 45, 1891. 

49, Bulletin Soc. Belg. de Geol., v1, 251, 1892. 
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“Je pense, comme lui, que les Lacertiliens actwels (méme les Var- 


anid) sont trop spécialisés pour representer la souche des Mosasau- 
riens. 


“Je crois, comme mon collegue du British Museum, que cette 
souche nous est fournie par les Dolichosauriens. 

‘ Mais je ne puis admettre que ceux-ci soient les ancétres des Lac- 
ertiliens, des Ophidiens, et des Rhiptoglosses.” 


Of course no one can for a moment suppose that the Mosa- 
aurs haye not descended from terrestrial fissiped reptiles. The 
great variations in the type of the limbs among the Mosasaurs 
do not permit such exact comparisons as M. Dollo makes. 

The latest discussion on the affinities and systematic position 
of the Mosasauridz will be found in the papers cited below” 
by Professors Cope and Baur, dealing especially with the ele- 
ments supporting the quadrate. This controversy in brief was, 
on the part of Cope, that the paroccipital was a distinct element, 
and not fused with the exoccipital, which did not support the 
quadrate at all. Baur contended that the paroccipital was fused 
with the exoccipital, and that the separate element called the 
paroccipital by Cope is in reality the squamosal. Further, 
Baur contended that the exoccipital of Cope, his paroccipital, 
did not at all support the quadrate, in the Iguanidz, while 
Cope asserted that such was always the case. It is true that 
in Varanus the exoccipital of Cope does, in a measure, support 
the quadrate to a greater degree than I have ever observed 
among the Moasaurs. It is also true that the exoccipital (Cope) 
does in many cases help form the quadrate articular surface in 
the Mosasaurs. 

The more important cranial differences from Varanus are as 
follows: The premaxillary of Varanus is flattened, and the con- 
joined nasals are united by a distinct suture. There are eight 
premaxillary teeth. The nares are much larger, the prefrontals 
smaller, the palatines smaller, and its anterior process longer. 
The lachrymal bone is larger. There is a supraciliare present, 
wholly wanting in all Mosasaurs. The frontal bones are united 


50. Cope, Amer. Nat., Sept. 1895; Novy. 1895, p. 1003; Febr. 1896, p. 147. 
Baur, Amer. Nat., Nov. 1895, p. 998; Febr. 1896, p. 143; Apr. 1896, p. 327. 
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by suture. The jugal is incomplete. The transverse bone 
unites with the maxillary and jugal. The pterygoids are with- 
out teeth. The basipterygoid processes are longer and the 
pterygoids, hence, much more widely separated. The basi- 
occipital processes are much smaller; the exoccipital elements 
larger. The quadrate is more slender and has no suprastapedial 
process. The splenial and presplenial interdigitate and do not 
unite by adistinct articulation, the presplenial extending much 
further proximally and articulating with the coronoid. The 
sides of the parietal bone are not decuryed to form the sides of 
the brain case anteriorly. There is a frontal subrhinencephalic 
bridge. 
COMPARATIVE ANATOMICAL DESCRIPTIONS. 


The skull, in the Kansas forms of the Mosasaurs, is elongate, 
wedge-shaped, and flattened. The external nares are elongated 
slits, with an anterior dilatation, and separated from each other 
by the slender prolongation of the premaxillary and the co- 
ossified nasals, and, at the posterior narrowed extremity, by the 
anterior end of the frontals. Externally they are bounded by 
the prefrontals and maxille. The orbits are irregular in out- 
line, broader from in front back than from above downward. 
Their plane is outward, with a superior and anterior obliquity. 
Their free margins are composed of the prefrontals, usually the 
frontals for a short distance, the postfronto-orbitals, the jugal, 
and the lachrymal. In Clidastes, and, in a less degree, in Mosa- 
saurus, the upper part of the orbital cavity forms part of the 
superior plane of the skull, covered over, in life, by membrane, 
and supported by the projecting prefrontals, which here func- 
tionally replace the supraciliare of Varanus. The frontal bone 
is nearly plane and is unpaired, though there is an indication 
in all, but especially in Tylosaurus, of the original division into 
two bones, anteriorly. The supratemporal fossz, directed up- 
wards, are large, bounded externally by the postfronto-pro- 
squamosal arch, posteriorly by the parieto-squamosal arch. A 
pineal foramen is always present, is usually large, and situated 
near the anterior end of the unpaired parietals. The jugal arch 
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is complete in all the known forms, forming the posterior and 
inferior border of the orbit. Below, on the inner side, it is 
suturally attached to the transverse bone, which does not reach 
forward to the maxilla, or so only to a very slight extent. The 
parietal sends down on each side a flattened, wing-like process 
for union with the petrosals and supraoccipital, bounding the 
brain cavity externally in part. 

The posterior aspect of the skull presents an elongated open- 
ing below the parietal arch, bounded below by the conjoined 
exoccipital and paroccipital and above by the parieto-squamosal 
arch. The teeth exist in a single row on the maxille, mandi- 
bles, and pterygoids, and in a double row of four on the con- 
joined premaxillary. The vomers are elongated bones of the 
palate attached anteriorly to the premaxillary and maxillary, 
posteriorly to the anterior elongation of the palatines. The 
crowns of the teeth are simple, conical, and recurved, sometimes 
nearly round in cross-section, at other times flattened oval with 
a posterior and anterior cutting carina, the surface elsewhere 
smooth, or narrowly faceted and striated. The crown is at- 
tached to a spheroidal mass of ostein, which is not, however, a 
true root, and which projects beyond the margin of the bones 
in which they are inserted in a cavity. This base is an ossifi- 
cation of the tissue surrounding the blood-vessels and nerves, 
and is frequently dislodged entire from the jaw. On the inner 
side posteriorly of this base there is usually a smaller excava- 
tion, in which the young tooth may be found. Rarely is a jaw 
seen in which all the teeth are complete. Some will be lost, 
showing only the empty cavity of the socket, while others. will 
be found in different stages of growth. The crown is covered 
with enamel]. The teeth of the pterygoids are smaller, some- 
times much smaller, than those of the jaws, and are usually more 
curved. 

The posterior flattened portion of the palatines articulate 
closely with the posterior end of the maxille on the outer side, 
the anterior thinned portion of the pterygoids on the inner, the 
vyomers anteriorly, and the descending process of the prefrontal 
on the superior side posteriorly. Between the anterior process 
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and the maxilla, on either side, there is a long, narrow vacuity, 
situated in part below the external nares. The palatines curve 
downwards to articulate with the pterygoids, so that the teeth of 
the latter are in a lower plane than those of the maxille. 

The pterygoids are elongate, curved bones with four processes. 
The anterior, obliquely flattened process articulates with the 
inner side of the palatines and is separated narrowly from its 
mate at the extremity. The ectopterygoid process, thicker and 
stouter, is directed somewhat upwards, its rugose and dilated 
extremity attached to the transverse bone. The dentigerous 
portion is prolonged into a small, flattened process, which lies 
under the basipterygoid process of the basisphenoid, nearly in 
contact with that of the opposite side and close to the under 
surface of the basisphenoid. The long, flattened, inyolute pos- 
terior process is curved outward and downward to articulate 
with the inferior inner angle of the quadrate. Its roughened 
end fits closely to a corresponding surface on the quadrate, and, 
while the union may not be rigid, it cannot admit of much 
motion. 

In the following detailed descriptions I have used for com- 
parison skulls of Clidastes velox, Platecarpus coryphxus, Mosasaurus 
horridus, Tylosaurus proriger, and an incomplete one of Brachy- 
saurus overton? : 

Premaxillo-nasals. 

Clidastes velox. The premaxillary is characteristic of the 
genus. ‘The anterior, expanded portion is about as long as wide, 
forming a broad, short cone, extending only a short distance in 
front of the teeth, with the apex rather sharp. The borders for 
articulation with the maxille pass inwards obliquely, the width 
of the superior surface between the maxille to the anterior end 
of the nares being nearly equal throughout, the sides almost 
parallel. The surface is lightly and delicately sculptured 
above, with an obtuse, low, median convexity. At the begin- 
ning of the nares, the superior surface rapidly narrows to form 
a vertical plate separating the openings. At the posterior ex- 
tremity the conjoined nasals dilate to overlap the narrow an- 
terior projection of the frontal. On the under side there are 
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four teeth, the anterior pair smaller than the maxillary teeth 
and approximated. A median ridge separates the teeth, and is 
continued into a stronger one back of them. Between the two 
narial openings the inferior border is thin, and is wholly or 
largely hidden by the approximated vomers. The bone articu- 
lates with the maxille, yomers, and frontal. 


Mosasaurus horridus. The tip of the rostrum is rather more 
obtuse than in the previous species, but not as much so as in 
the following, projecting a short distance beyond the teeth. 
The portion in front of the maxille is about as long as wide, 
nearly semicircular in cross-section, with a shallow longitu- 
dinal groove in the middle above, in place of the obtuse carina. 
This groove reaches to about the beginning of the nares. The 
lateral margins above are very long and oblique, resembling in 
this respect Tylosaurus more than Clidastes. The opening of 
the nares is opposite the fifth maxillary tooth. 


Platecarpus corypheus. Pl. xxvi, ff. 2,3. The premaxillary 
is short and obtuse, differing markedly from the other genera 
in not projecting at all beyond the teeth, the tip often with a 
distinct depression, instead of a convexity or cone. It is 
smoothly conyex above, without median ridge or convexity. 
The sutural union for the mavxille runs nearly obliquely from 
the dental border back to the anterior end of the nares, very 
unlike what it is in Clidastes. The internarial process is nar- 
row and oval in cross-section for a short distance before the 
middle of the nares. Posteriorly it widens uniformly into a 
thin, flattened plate, the conjoined nasals, which overlie the 
anterior prolongation of the frontal, the suture nearly opposite 
the posterior end of the nares. The nares are much shorter 
relatively than in Clidastes. 


Tylosaurus. The premaxillo-nasal in Tylosawrus is one of the 
largest elements of the skull, and is very characteristic of the 
genus. It forms a long, obtuse projection in front of the teeth, 
the edentulous portion being considerably longer than the den- 
tulous. It is smooth and rounded, nearly circular in cross- 
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section in front of the teeth, the tip obtuse. The teeth are 
relatively smaller than in the other genera. Just back of the 
posterior pair the sutural border runs a short distance rectan- 
gularly upward. From this angle, the sides run obliquely 
backward to the anterior angle of the nares. The intermaxil- 
lary portion is very broad and long, more than twice as wide in 
front as behind. The surface above throughout is conyex 
and smooth, without carina or depression. Posteriorly, to the 
anterior end of the nares, the internarial portion narrows rap- 
idly, but is much thicker and stronger in the narrowest part 
than is the case in either of the other genera. The conjoined 
nasals broaden as in the other genera to overlap the anterior 
end of the frontal, but extend much further back, beyond the 
nares. The free internarial portion of the conjoined bone is 
only a trifle longer than the intermaxillary portion. On the 
under side the ridge separating the anterior teeth divides at 
their posterior part into two branches, between which are in- 
serted the thin, vertical and contiguous anterior ends of the 
vomers. The thin plate or ridge continues on each side into a 
tongue-like process, vertically flattened and suturally united in 
a shallow groove on the outer side of each vomer as far back as 
the posterior part of the second tooth, articulating on the inner 
side of the maxilla at the base of the first tooth. 


Vomers. 


The vomers in Mosasaurus are very slender, and are in appo- 
sition throughout, or for the most part. Near the front end, the 
short, vertical, articular face unites with the maxilla opposite 
the second tooth. Just back of the articular surface there is a 
small elongate oval opening left on each side between the con- 
stricted yomer and the emargination of the horizontal plate of 
the maxilla. The vomers, as far back as the eighth or ninth 
teeth, are very narrow below, the surfaces somewhat obliquely 
placed. Posteriorly they seem to join by a long, squamous 
suture with the anterior prolongation of the palatines. 

The vomers in Clidastes are evidently quite like what they are 
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in Mosasaurus. They articulate with the premaxilla to a very 
slight extent only at the tip. The suture between them and the 
palatines is indistinguishable. 

In Platecarpus the vomers resemble those in the two preceding 
genera. A view of the anterior outer side is shown in pl. x1x, 
f. 4, giving the articulation with the maxilla. In none of the 
three genera is there any indication of the long, tongue-like 
process of the premaxillary, as described below, and no distinct 
surface for union with the premaxilla. The emargination back 
of the articular face is longer and deeper in the horizontal max- 
illary plate of this genus. 

The vomer in Tylosaurus is very much elongated, as in Mosa- 
saurus. Anteriorly it ends in a thin vertical plate lying contig- 
uous with its mate and inserted between the two plates of the 
premaxilla on the under side, as described for that bone. On 
the outer side, as far back as the middle of the second maxillary 
tooth, it has a shallow longitudinal groove for articulation with 
the thin, vertical, tongue-like plate of the premaxilla. The ar- 
ticulation with the maxilla extends back of this as far as the 
middle of the fourth maxillary tooth, presenting an elongated 
sutural surface. Posterior to this articulation the bone is con- 
stricted as in the other genera to form the anterior palatine 
foramina, which lie below the anterior end of the nares, and 
thence gradually widens, standing nearly vertically. The union 
with the palatines is so close that it cannot be distinguished, 
the bones continuing in the same line and in apposition nearly 
as far back at the anterior end of the dilated portion of the pala- 
tines. In the posterior part the bones slope outward from the 
middle line, where they are in close contact, inclosing a long, 
slender, oval opening between them and the maxille, in large 
part below the external narial opening. Just back of the max- 
illary articulation the bones diverge a little for a short distance 
to show the inferior border of the premaxillary, and the under 
surface here shows an oblique groove running backwards and 
outwards, as though for the passage of a nerve or blood-vessel. 
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Maxillee. 


Clidastes velox. The mawxille have fifteen or sixteen teeth, 
the last one in the latter case small. The inner side has a strong 
longitudinal ridge, emarginate anteriorly, for the anterior pala- 
tine foramen, with a groove or cavity above it, arched over by 
the flattened upper part of the bone. The borders for union with 
the premaxille, back of the vertical part, are nearly parallel to 
each other in the skull. The narial openings are elongated and 
narrow, the maxillary border thin, with a deep emargination 
in front. Posteriorly here is a small, flattened process overlap- 
ping the prefrontal on the upper surface of the skull. The pos- 
terior end terminates in a slender, pointed projection, partly 
covered over above by the jugal. On the outer side there are 
fifteen dental foramina above the teeth, and some smaller ones 
anteriorly. The bone articulates with the premaxilla, vomer 
(turbinate?), palatine, prefrontal, jugal, and lachrymal. The 
border for the palatine is thinned, beveled, and roughened, ex- 
tending as far forward as the fourth tooth from the end. The 
border for the jugal is straight and thin, reaching as far for- 
ward as the antepenultimate tooth. Below this border on the 
inner side there is a narrow and deep excavation. The articular 
surface for the vomer is short and small, very near the anterior 
end of the bone, on the front extremity of the inner ridge and 
above the first two teeth. Just above this surface posteriorly 
there is a small, smooth depression. 

The maxille of Mosasaurus horridus have fourteen teeth. The 
bone is narrower than in Clidastes. The beginning of the nares 
is opposite the sixth tooth. The nares are much elongate, 
reaching beyond the posterior end of the nasals. 


Platecarpus. Pl. xxv, ff. 1,2. The maxille are stouter and 
shorter than in Clidastes. The border for the articulation with 
the premaxille runs nearly straight and obliquely to an ob- 
tusely rounded point, which is separated by only a short space 
from the one of the opposite side, just before the beginning of 
the nares. The free border back of this is thickened, rounded, 
and deeply emarginate anteriorly. From the posterior end of 
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this emargination the inner upper part of the bone overlies 
broadly the sides of the prefrontal. Posteriorly this border ends 
in a small, tongue-like projection on the prefrontal, outside of 
which the margin is continuous with the pointed posterior ex- 
tremity of the bore. There are twelve teeth. The articular 
surface for the vomer is situated further back than in Clidastes, 
nearly over the third tooth, and the emargination for the pala- 
tine foramen is much larger, reaching to beyond the fourth 
tooth. The surface for union with the palatine is shorter. 

Tylosaurus. The maxilla of Tylosauwrus is intermediate in 
length and breadth between those of Clidastes and Platecarpus. 
The maxillary suture extends as far back as the sixth tooth, 
and is much longer than in either of the other genera. Back 
of this the emargination for the anterior part of the nares is 
less deep than in Platecarpus. The prefrontal process is rather 
larger than in Platecarpus, the posterior extremity more slender. 
The sutural surface for the vomer is situated further back than 
in Platecarpus; that for the palatine is nearly the same. There 
are thirteen teeth. 


Brachysaurus overtoni. Pl. xxti,f.1. The maxilla in Brachy- 
saurus is very massive and stout. The border for the pre- 
maxilla is very short, extending back as far as the third tooth 
only, the vertical portion only a little shorter than the oblique 
portion. There are ten, probably eleven, teeth, implanted on 
prominent, broad bases. 


Prefrontals. 

Clidastes. The prefrontal is the most characteristic bone of 
the Clidastes skull, varying somewhat in the different species. 
It is elongate and flattened on the upper surface, with stria- 
tions and markings like those of the frontal on whose plane 
the horizontal portion is. It projects strongly over the orbits 
in front, serving functionally in place of the supraciliare of the 
Varanus skull. *The inner border is concave to correspond with 
the border of the frontal, The outer border is free, nearly 
straight, and lightly rugose for nearly half its length, protruding 
horizontally. On the inner side anteriorly the bone forms a 
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short part of the free border of the nares, anterior to which the 
thin expansion is overlapped by a flattened process of the max- 
illary. The maxilla also overlaps the outer part of the bone on 
the anterior third. The horizontal partis considerably thickened 
posteriorly, with the under side of the hind border beveled and 
slightly concave. A broad, flattened process at the posterior 
interior part underlaps the frontal, being received in a pit or de- 
pression of that bone. A thick, curved, wing-like process is 
sent down on the outer side, curving inward to form the very 
convex anterior border of this orbit, and articulating below with 
the jugal, lachrymal, and, on the inferior surface, with the pos- 
terior end of the palatine. It articulates with the frontal on 
the inner side, the maxilla in front and on the side anteriorly, 
the lachrymal and jugal behind, and the palatines below. _ 


Mosasaurus horridus. The prefrontal of Mosasaurus is quite 
as peculiar as that of Clidastes. The horizontal part, or wing, 
over the anterior part of the orbit, is semicircular in shape, 
with lightly crenulated edges. In front of this there is an 
emargination or groove with rounded border connecting the 
superior and lateral faces. This semicircular supraciliary plate 
served the same purpose as the posterior flattened part in the 
Clidastes bone. Were it removed the bone would not be unlike 
what it isin the two following genera. Between this supra- 
ciliary plate and the postfrontal there is a rather sharp trian- 
gular notch, evidently filled in with membrane in life. The 
bone touches the postfrontal behind. 

Platecarpus. Pl. xxv,f.3. The prefrontal, as seen in the ar- 
ticulated skull of Platecarpus, sends a long, slender process on 
the inner margin of the maxilla as far as the posterior end of 
the anterior emargination, its thin narial border being straight 
or gently concave. Posteriorly it has a thickened, irregular, 
very narrow horizontal projection along the frontal orbit, corre- 
sponding to the semicircular plate of Mosasaurus or the broad 
one of Clidastes. Behind this it reaches back nearly or quite as 
far as the postfrontal, though scarcely visible from above. In- 
feriorly it sends down a much smaller process for union with 
the palatines. 


WILLISTON. | Mosasaurs. 109 


Tylosaurus. In Tylosaurus the superior surface of the pre- 
frontal is elongate triangular in shape. The anterior end is 
overlapped broadly by the broad, tongue-like process of the 
maxillary, which may even reach to the frontal, wholly exclud- 
ing the prefrontal from participation in the nares. Posteriorly 
it reaches, narrowly, quite to the anterior prolongation of the 
postfrontal. Outwardly it reaches downwardly, broadly, to the 
thin margin of the maxilla, leaving a triangular space pos- 
teriorly in which the lachrymal is articulated. In front of the 
orbit the nearly vertical surface turns inward, broadly, as in the 
preceding, to the margin of orbits. In the horizontal develop- _ 
ment of the posterior part of the prefrontal, the greatest is that 
of Clidastes, the least of Tylosaurus, with Mosasaurus and Plate- 
carpus respectively intermediate. 


Lachrymal. 


The lachrymal bone is present in the different genera, but 
seems to differ slightly. It is least distorted in a specimen 
of Clidastes, where it is a small, somewhat irregular, pointed 
bone, with an articular surface along the sides, and at the 
larger extremity is grooved along one side; it is smooth above, 
and is slightly roughened on the outer side. It is attached in 
the interval between the jugal and the prefrontal, and articu- 
lates in part with the maxilla. It enters into the lower part of 
the anterior border of the orbit. 


Frontal. 


The frontal bone in Clidastes is elongate and slender in com- 
parison with that of the other genera. The lateral borders have 
a long and deep concavity from near the posterior angles of the 
bone to near the anterior third, whence the sides approach each 
other more rapidly, or wedge-like, to near the posterior ends of 
the narial openings. The posterior border is transverse, with 
an undulatory or zigzag outline, the middle not being apprecia- 
bly emarginated for the parietal bone. The upper surface is 
flattened, gently convex in the middle, and with a low, rather 
obtuse median carina on the anterior third. The free orbital 
border is short, obtusely edged, and forms a part of the lateral 
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concavity of the bone. On the under side there are two promi- 
nent ridges, bounding the cavity for the olfactory lobes. On 
the anterior part this cavity is separated into two by a median 
ridge; nearly opposite the posterior extremity of the maxilla. 
the ridges bounding the cavity approach each other, the exca- 
vation continuing as a narrow, deep groove to about opposite 
the middle of the orbital margin. At the outer side of these 
ridges the bone is excavated for the sutural union of the pre- 
frontals. At the beginning of the narial opening the bone rap- 
idly narrows and is thinned for union with the nasal. In this 
part the bone is imperfectly united in the middle. The nasals 
reach no further than the posterior end of the narial openings. 
The bone articulates with the parietal, postorbital, prefrontal, 
and nasal. 


Mosasaurus horridus. The frontal bone in Mosasawrus is much 
broader than in Clidastes. Posteriorly it has two slender proc- 
esses inclosing the narrow anterior projection of the parietal, in 
which is the pineal foramen. The sides are nearly straight, and 
gently convergent to a strong and sharp emargination for the 
prefrontal anteriorly. Its connection with the nasal cannot be 
made out with certainty, but it is evidently not posterior to the 
narial openings. ‘The bone is nearly plane, sloping gently, and 
with a low, obtuse carina in the middle anteriorly. 


Platecarpus. Pl. xvi, ff. 2,3. The frontal bone is broader 
than in Clidastes. Posteriorly it is broadly and deeply emargi- 
nate for the parietal, outside of which the margins are nearly 
straight to the angles. [rom near the angles the lateral mar- 
gins are concave for nearly half their distance to the nares, 
somewhat thickened on the orbit, which is thickened for a short 
distance, as seen from above. Beyond, the sides are irregular 
and gently convex to unite with the prefrontals. From a little 
back of the middle of the bone there is a thin, sharp, median 
carina, highest in its middle portion; on either side of the ca- 
rina the bone is shallowly concave. On either side in front 
there is a small, tooth-like process underlying the posterior 
process of the maxilla, the notch between it and the inner bor- 
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der forming the posterior angle of the nares. This process is 


wholly wanting in Clidastes. On the under side the prefrontals 
are more widely separated and the olfactory groove more grad- 
ually widened. The bone is considerably wider at posterior end. 


Brachysaurus overtoni. The frontal bone in this species is re- 
markably broad and stout. 


Tylosaurus proriger. In Tylosaurus, the frontal is broader 
relatively than in Platecarpus; the sides above the orbits are 
nearly straight and parallel, and wholly excluded from the 
orbits. From the posterior third the sides gradually converge 
in nearly a straight line to the tooth-like process at the pos- 
terior end of the nares. In front of the middle the bone is con- 
vex in the middle part but is not carinate. Anteriorly the two 
halves of the bone are unossified, the division represented by a 
median groove above. Posteriorly the deep median emargina- 
tion for the parietal is wanting. In shape the bone is more 
nearly triangular than in the preceding species. On the under 
side the prefrontals are more narrowly separated than in Plate- 
carpus. 

Postfronto-orbitals. 

Clidastes. ‘The postfrontal and orbital are closely united, 
without trace of suture. It extends along the outer border of 
the frontal for a short distance, its outer border curving out- 
ward and downward to the jugal process. The stout, thick- 
ened process for lateral union with the parietal extends only a 
little inwards, forming the outer anterior angle of the supra- 
temporal fossa. The jugal process is broad and flat and is 
directed nearly downwards. Back of the process the bone nar- 
rows to a flattened oval shape in cross-section, the under side 
of which is inserted into a groove in the prosquamosal. The 
bone extends nearly to the articular surface for the quadrate. 
The broad squamosal plate underlies the frontal, articulating 
for nearly a third of its width. It articulates with the squa- 
mosal (sometimes), the prosquamosal, parietal, jugal, and 
frontal. 
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Mosasaurus. The postorbito-frontals in Mosasaurus horridus 
extend forwards to touch the posterior end of the prefrontal, 
leaving a triangular notch in the roof of the orbit. The pos- 
terior process is wedge-shaped, and, posteriorly, instead of 
being inserted in a groove in the squamosal, it divides that 
bone in two, one part of which lies on the inner and the other 
on the outer side below. 


Platecarpus. Pl. xxiv, f. 4. In this genus the postfrontal 
touches, or nearly touches, the prefrontal, instead of being 
separated by a considerable space as in Clidastes. The jugal 
‘process is longer and flatter. The posterior projection, lodged 
in a groove on the upper part of the prosquamosal, extends 
back to beyond the anterior end of the articulation for the 
quadrate. The bone does not articulate with the squamosal 
at all, and the prosquamosal reaches as far forward as the de- 
scending process for the jugal. 


Tylosaurus. In Tylosaurus these elements are nearly as in 
Platecarpus, except that the bone extends forward, quite to the 
prefrontal, forming a very narrow margin to the orbit posteri- 
orly. The jugal process is rather shorter, and the articular 
surface for the prosquamosal reaches quite to that for the jugal, 
the two bones touching each other, which does not occur in 
Clidastes. ‘The bone underlaps the frontal broadly, forming a 
subtriangular surface. 

Jugal. 

Clidastes. The jugal is a slender, curved rod, with an ar- 
ticular surface at either extremity. It is nearly circular in 
cross-section posteriorly and flattened anteriorly. The curva- 
ture begins near the middle, and is nearly regular. The ante- 
rior half is only slightly concave on the upper border. The 
excavation for the maxilla is on the inferior inner side, and 
reaches nearly a third of the length of the bone. At the ante- 
rior dilated extremity the bone articulates with the lachrymal 
above. The posterior extremity is somewhat thickened, though 
not much dilated, and unites with the short jugal process of the 
postfrontal. The bone has no tubercular process on the posterior 
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border, as is found in the following forms. There is usually a 
small articular surface situated far back on the inner side, at 
the margin.of the greater concavity, for union with the ecto- 
pterygoid. . 

Platecarpus. Pl. xxtv,f.5; pl. ux111,f.3. In this species the 
jugal is a stouter bone than in Clidastes, but not as stout as in 
Tyloscurus. It is somewhat L-shaped in form, with the hori- 
zontal arm slender and curved downward. The upright arm is 
flattened obliquely, and deeply excavated above on the outside 
for the jugal process of the postfrontal, the excavation reaching 
more than half the distance to the angle of the bone. Its pos- 
terior superior angle is thickened, and unites with the prosqua- 
mosal. Where the bone begins to curve forward there is a 
prominent tubercle on the outer hind margin, as if for liga- 
mentous attachment, and the bone is channeled obliquely in- 
ward in front of it. The anterior branch is dilated and flattened 
at the extremity, and excavated into a groove on the under side 
for articulation with the posterior end of the maxilla. At the 
posterior end of the horizontal arm in front of the angle, on the 
inner side, there is a depressed sutural surface, of variable 
length, for union with the ectopterygoid. 


Tylosaurus. In Tylosawrus the jugal is a stouter bone than 
in either of the other genera. It is bent more nearly in a right 
angle than in Platecarpus, and the anterior prolongation is less 
slender, the end less dilated. The upper ramus is broader and 
flatter, and less deeply excavated for the jugal process of the 
postfrontal. The angle below is broadly rounded, the margin 
is thinner, and not produced into a tubercular process; instead 
of which, there is, on the outer side, a roughened depression of 
considerable size for the insertion of a strong ligament or tendon. 
The vertical arm is set more obliquely and the surface is con- 
cave transversely. On the inner border there is a roughened, 
elongate spot for the transverse bone. The horizontal arm is 
flattened and much stouter than in Platecarpus. The beveled 
and grooved articular surface for the maxilla is on the inferior 
inner side, and extends far back. The bone runs to a narrow 
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extremity anteriorly, different from the expanded and flattened 
extremity in Platecarpus. Altogether, the jugal, as already 
stated, is a stronger element, with stronger muscular attach- 
ments, than in either of the other genera. Judging from the 
differences which these three forms present, it is not at all un- 
likely that in some forms of the group the jugal may exist in 
a rudimentary condition, as in Varanus. 
Pterygoid. 

Clidastes. ‘The pterygoid is an elongate bone, with four, more 
or less elongated, processes. The posterior process is broad, flat- 
tened, and nearly vertical, with a short, emarginate articular sur- 
face at the extremity, for union with the inferior, anterior inner 
part of the quadrate. Its under border is markedly convex dis- 
tally, the upper border thicker and concave. From the base of 
this process the ectopterygoid process is directed outward and 
upward, its posterior border continuous with the superior bor- 
der of the quadrate process. The process is flattened, oval in 
the middle, and somewhat dilated at the extremity for union 
with the ectopterygoid ; it is placed obliquely, so that the an- 
terior superior border is continuous with the upper inner border 
of the body of the bone. Directed nearly backward and a little 
outward is a short, pointed process, which I will call the 
basisphenoid process, inclosing between it and the quadratal 
process a deep notch for the articulation of the basipterygoid 
process of the basisphenoid. On the upper side, at the anterior 
extremity of this notch, there is a small pit for the inserting of 
the lower end of the epipterygoid. The anterior process is thin 
and flattened and unites with the posterior inner angles of the 
palatines, the free margin continuing on the inner side to a 
point which is less broadly separated from that of the opposite 
side than the bones are posteriorly. The teeth are twelve in 
number — greater than in any other genus of the group.” The 
anterior ones are larger than the posterior, and they are all 
rather closely crowded together. They are moderately flat- 
tened, with a distinct carina. They are bordered internally by 


51. Merriam gives the number at twelve to fifteen, but I have never seen more than twelve. 
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a more or less sharp ridge, but they are never pleurodont or pro- 
tected by a parapet, a character that has been given for distin- 
guishing the genus Kdestosaurus from Clidastes, but which is of 
no value whatever. 

Mosasaurus horridus. The pterygoids in the type specimen of 
this species are in position and undistorted, while those of Cli- 
dastes are invariably more or less distorted. They are evidently 
very closely alike, and present characters that readily distin- 
guish the bone from the same in the other subfamilies. The 
anterior end terminates in a broad plate on the inner side, which 
slopes markedly toward the middle. There are eight teeth in a 
single curve, whose concave side is internal and reaching from 
before the posterior end of the palatine, and opposite the last 
maxillary tooth, to the base of the basisphenoid process. The 
teeth back of the palatine stand very nearly on the outer edge 
of the bone on a convex surface, and are not all pleurodont. 
The basisphenoid process is longer than in Clidastes. The ecto- 
pterygoid process is placed like that of Clidastes; that is, 
obliquely. Its posterior border is continuous with the inferior 
border of the quadrate process, while the anterior is continuous 
with the superior interior border of the body of the bone, inclos- 
ing a long, shallow groove between its base and the part on 
which the teeth are inserted. In Platecarpus and Tylosaurus the 
process is nearly horizontal, and its anterior border is continu- 
ous with the outer border of the bone, or nearly so. The bone 
differs from that of Clidastes, in the lesser number of teeth (eight) 
and in the less expanded inner side anteriorly. 

Platecarpus. Pl. xxiv,f.1. The pterygoid of Platecarpus has 
ten teeth arranged in the form of a reverse curve. The teeth 
extend into the base of the basisphenoid process, which lies 
closely in the depression on each side of the lower surface of 
the basisphenoid.. The quadrate process is nearly vertically 
flattened or gently concave on the inner side, narrower and 
stouter at the base, obliquely truncate and roughened at the 
tip for union with the quadrate. The under border of the 
dilated portion is strongly convex. Nearly opposite the base 
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of the ectopterygoid process on the upper side in front of the 
notch between the quadratal and basisphenoid process there is 
a rounded pit for the epipterygoid. The ectopterygoid process 
is much dilated obliquely at its extremity, sometimes dilated 
near its base in front so as to constrict the inclosed notch. The 
palatine process is flattened, ending in a narrower extremity. 
The teeth begin posterior to the end of the palatine. The teeth 
are small, much curved, somewhat flattened and striate. 


Tylosaurus. In Tylosaurus the pterygoid resembles that of 
Platecarpus. The anterior dentigerous portion is stouter and 
less flattened, the part in front of the teeth for union with the 
palatines thinner and less broad. The teeth begin further for- 
ward, as in Clidastes, and not back of the palatines. The ecto- 
pterygoid processes are relatively stouter and less contracted at 
the base. The basisphenoid process is broader and shorter, and 
the teeth do not extend as far as its base, while in Platecarpus 
they reach two-thirds of the distance to its tip. The quadratal 
process is less expanded distally, and is relatively shorter than 
in Platecarpus. The bone altogether is less slender. There are 


ten teeth. 
Parietal. 


Clidastes. The coossified parietals have a broad, anterior, 
transverse border, concaye sides, limited by sharp margins, the 
parietal crests, and long, thin, flattened parieto-squamosal proc- 
esses, reaching outward and backward from the posterior angle 
to the outer part of the suspensorium. Posteriorly, on either , 
side, the upper surface is continued into a pointed projection, 
which forms the upper margin of the base of the parieto- 
squamosal process. The margin in the middle behind is thinned, 
rugose, beveled, and with a notch in the middle. Anteriorly 
the stouter lateral processes or wings pass outward to form the 
anterior lateral border of the supratemporal fosse, connecting 
with the postfrontals. They are convex from above downwards, 
and limited on the inner part by a sharp overhanging ridge, 
the beginning of the parietal crests. The pineal foramen is 
small, and situated a short distance back of the front margin of 
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the bone. On either side, the bone sends down a broad, deep 
wing to form the upper part of the sides of the brain-case. At 
the most inferior part the border is projected into a thin, tri- 
angular process, the tip of which shows sutural roughening ; 
their posterior margins are thin, with an S-shaped undulation. 
From the sides this thin margin shows an obtuse angle near 
the middle, the upper part for union with the supraoccipital, 
the lower for the petrosals, or rather for the cartilage that com- 
pletes the union between these two bones. The thin margin 
superiorly, is inserted in the groove of the supraoccipital, as 
described below. Between the upper extremities of these thin 
margins the under surface of the bone is more or less rough- 
ened, or with spinous sutural projections for attachment to the 
crest of the supraoccipital. The posterior processes are thin, 
flattened, and arch outwards, backwards and downwards to 
unite with the long process of the squamosal by a long suture 
on the under side. The superior surface between the crests has 
nearly parallel sides. The bone articulates with the frontal, 
postfrontal, petrosal, squamosal, and supraoccipital. 


Mosasaurus. The superior surface of the parietal continues 
back more narrowly than in Clidastes, with a divaricated proc- 
ess on either side of the posterior notch. 


Platecarpus. Pl.xxvi,f.1; pl. ux1u,f.1. The parietal fits into 
a broad emargination of the frontal. From the posterior angles 
of this emargination, the sharp borders of the superior surface, 
or the parietal crests, run nearly straight to an apex a little be- 
yond the middle of the bone, a character peculiar to the genus. 
The moderately large parietal foramen is situated a little back 
of the line of the suture, and usually wholly within the parietal 
bone. The lateral processes, forming the anterior boundary of 
the supratemporal fossa, reach out transversely to unite with 
the postfrontal a little within the angles of the frontal bone. 
The bone is narrowest opposite the apex of the superior surface. 


Tylosaurus. The parietal in Tylosaurus is characteristic. Its 
upper flat surface has its sharp, lateral crests convergent to be- 
yond the middle, and then parallel or gently divergent, the pos- 
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terior end terminating to divergent points, as in Clidastes. The 

anterior lateral wings do not extend as far outward, and the 

lateral margins, especially toward the front, are thinner and 

more projecting than in either of the other forms. The pineal 

foramen is rather small, and is usually wholly inclosed in the 

parietal, though it may border the anterior suture. 
Supraoccipital. 

Platecarpus. The supraoccipital is a little longer than wide, 
with a ridge upon the upper surface, terminating in a sutural 
surface for union with a median tooth or tongue-like projection 
of the parietal bone. In the region of the semicircular canals 
the brain cavity is narrowed by a swollen projection on either 
side, into which is continued, from the exoccipital, a small, 
round canal. Anteriorly the sutural surface for union with the 
petrosal continues as a straight, flat surface, inclosing, between 
the two, a broad cavity for the cerebrum. The upper border, 
meeting at an angle a little greater than aright angle with that 
of the petrosal, is a little shorter, and has a deep longitudinal 
groove, with the margins thin; the thin posterior margins of 
the descending wings of the parietal fit into these grooves. The 
bone articulates with the exoccipital, petrosal, and parietal, 
with the latter directly, in the middle, by the intervention of 
connective tissue on the descending part. It forms the superior 
margin of the foramen magnum, and extends outward, as a 
broad, flattened squama, for about an inch on the upper side 
of the base of the exoccipital. 


Basisphenoid. 


Clidastes. The basisphenoid, longer than broad, as seen from 
below, has the margins deeply concave, the ends nearly trans- 
verse. In front are three processes, the middle small and short, 
ending abruptly and transversely; two lateral ones truncate, 
flattened oval, and obliquely placed to the long axis of the 
bone. The former is the presphenoid, and has near its base on 
either side above a small, rounded surface, for cartilage, pre- 
cisely asin Varanus. I have never seen the presphenoid bone 
in this genus, but in Platecarpus one similar to that of Varanus 
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is sometimes found, and in all probability it occurs in Clidastes. 
The lateral processes, the basipterygoid, are much shorter than 
in Varanus, and evidently are completed by cartilage, as they 
do not extend to the bottom of the notch for their reception in 
the pterygoids in the articulated skull. The posterior, basi- 
occipital processes are squamous, underlying and closely united 
with the hypapophyses of the basioccipital, reaching nearly to 
theirextremity. From above, the narrow, concave brain cavity 
is seen lying between the oblique, broad, sutural surfaces for 
the petrosal. On either side, under these overhanging sutu- 
ral projections, there is a deep longitudinal groove, at the 
bottom of which, in front and behind, is the opening to the 
longitudinal canal. From the anterior opening of the canal a 
groove is continued anteriorly to near the tip of the presphenoid 
process. In front of the pituitary fossa the cerebral surface 
is narrowed to a slender groove, continued to the tip of the 
presphenoid process. The bone articulates posteriorly with 
the basioccipital, superiorly with the petrosals, and anteriorly 
with the pterygoids, the latter of course non-sutural in character. 


Basioccipital. 


Clidastes velox. The occipital condyle is moderately separated 
from the basioccipital processes by a distinct neck, and is chiefly 
formed by this bone. The neural surface is narrow, of moder- 
ate depth, with a depression near the middle, the ‘‘ fossa medi- 
ana.’’ The hypapophysial processes are stout, trihedral, directed 
downward and outward, and are overlapped on their whole 
anterior surface by the thinned posterior process of the basi- 
sphenoid. ‘There is no median canal in any specimens of this or 
the other genera in the University collection. The bone articu- 
lates above with the exoccipitals, which extend downward on 
the outer side nearly to the extremity of the basal processes. 
In front the bone articulates with the basisphenoid, the anterior 
broadly rounded border of the inferior processes fitting into a 
depression on the posterior part of the basisphenoid. On the 
upper anterior angles there is a small surface for articulation 
with the petrosals. 
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In Platecarpus the exoccipital reaches to the margin of the 
cartilaginous surface of the basioccipital processes on the outer 
side anteriorly, and is broader here than in Clidastes. 


In Tylosaurus the exoccipital reaches only a short distance 
downward on the sides of the hypapophyses, while the basi- 
sphenoid extends much further back on the inner side. The 
cartilaginous surface at the extremity of the hypapophysial 
processes seems to be more elongated. 


Exoccipital. 

Exoccipital and paroccipital of Baur; exoccipital of Cope. 
There has been not a little controversy over this element, or the 
distal part of it, by Professors Baur and Cope, which the reader 
may follow, if he chooses, in the references given below.” Baur 
holds that the bone called exoccipital by Cope, and which never 
shows a trace of division in this group, isin reality composed 
of the conjoined exoccipital and paroccipital. To avoid con- 
fusion, it will be desirable to give here the different names by 
which the elements of the cranial bar have been called by 
different authors in the Lacertilia : 


Paroccipital, Baur. 
Exoccipital, Cope. 
Squamosal, Gegenbaur, Baur (1892), Merriam. 
Mastoid, Cuvier, Owen. 
Supratemporal, Parker, Baur (1887). 
Opisthotic, Cope (1871)., 
Paroccipital, Cope (1892). 
Prosquamosat, Baur. 
Quadratojugal, Gegenbaur, Baur (1889, 1892), Merriam. 
Squamosal, Owen, Huxley, Parker, Cope (1871), Baur (1887). 
Supratemporal, Cope (1892). 


The element under discussion, whatever be its composition, is 
usually closely united with the petrosal (prootic), the two 
rarely being found disassociated. The stout suspensorium, 
composed of these two bones and the squamosal, is directed 
outwards, somewhat upwards, and backwards, articulating with 
the squamosal and quadrate. The line of union between the 


52. Baur, Amer. Nat., 1896, pp. 143, 327; Anat. Anzeiger, x, 327. Cope, Amer. Nat., 1895, pp. 855, 
1003; 1896, p. 147. 
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exoccipital and petrosal begins at the angle of the basioccipital 
bone, curves backward through the meatus auditorius, and 
thence toward the posterior margin of the distal extremity, lying 
on the front margin of the stapedial groove for nearly its whole 
length. The upper surface of the suspensorium is composed 
chiefly of the exoccipital. The bone unites broadly with the 
squamosal at its anterior surface side distally and sometimes 
helps form a part of the quadrate articular surface. As regards 
the relation which the exoccipital or paroccipital bears to the 
quadrate, Baur says: ‘‘ The Mosasauride agree with the Iguana, 
etc., in not having any part of the articular face for the quad- 
rate on the paroccipital’’; Cope, that ‘‘ the articulation of the 
quadrate in the Pythonomorpha is exclusively with the paroc- 
cipital [7. e., squamosal | and the squamosal [| prosquamosal | .’’ 
The fact is, that in some Mosasaurs both the paroccipital and 
squamosal of Baur, or the exoccipital and paroccipital of Cope, 
articulate with the quadrate, though the articular surface for 
the former is always less extensive than that for the latter.” 


In Platecarpus, at least, there is an elongate, conical or pyra- 
midal process intercalated between the exo-paroccipital and the 
petrosal, reaching nearly to the brain cavity. In nearly all of 
the rare cases in which the squamosal is separated from the 
suspensorium, this process is broken off from the body of the 
bone at the extremity of the petrosal, the strongly roughened 
surfaces appearing as though the bone terminated there, which 
is not the case, us The elongated portion that is thus intercalated 
between the two bones is entirely excluded from the exterior, 
received in a depression on the anterior superior face of the 
exoccipital and completely overlapped by the petrosal. Inter- 
nally, above, the suture of the supraoccipital extends outward 
in a thin, rounded plate, as far as the lateral margins of the 
condyle. The process extending downwards on the sides of the 
basioccipital hypapophyses is broad and long, reaching as far 
as the margin of the distal surface. Above, the short sutural 
surface for the petrosal, between that for the supraoccipital 


_ _ 53. This fact is also stated_by Baur: ‘‘The lower and distal part of the paroccipital process 
joins the quadrate.”’ Journ. Morph., vit, 12, 1892. 
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and the basioccipital, is largely excavated for the semicircular 
canals. The sutural surface for the petrosal extends narrowly 
along the upper side of the squamosal, and more narrowly be- 
low it, thus inclosing in a long, conical cavity the inner process 
of the squamosal. 

Are not these relations of the squamosal, wedged in between 
the petrosal and the exo-paroccipital, anomalous among rep- 
tilia? 

Petrosal (prootic). 

Platecarpus. The petrosal unites by a short, flattened, sutu- 
ral surface with the exterior part of the basioccipital and by a 
longer, similar one, with the basisphenoid. The thickened an- 
terior margin is emarginate near its middle for the trigeminal 
nerve, a protuberance superiorly sometimes partly inclosing 
the notch into a foramen. Just back of this emargination, on 
the inner side, is the opening for a small foramen. On the 
outer side, near the posterior margin, there is an elongated slit 
covered by a thin scale of bone, having a small foramen at its 
bottom The surface for union with the parietal is shorter than 
that for the supraoccipital, which it meets in nearly aright angle. 
The groove for the stapes is dilated somewhat beyond the foramen 
leading into the semicircular canals. These openings are chiefly 
excavated from the petrosals, with a smaller excavation upward 
into the supraoccipital and another into the exoccipital. The 
sutural surface for the parietal is flatly truncated, and was eyi- 
dently covered with cartilage for union with the thin, decuryed 
margin of the descending wing of the parietal. The anterior 
part of this surface, continuous with the anterior border as far 
as the trigeminal notch, is markedly roughened for ligamentous 
attachments. The petrosal in general is triradiate in form, of 
which the stouter branch is for articulation with the basioccip- 
ital and basisphenoid, the longest for union with the exoccip- 
ital, covering the process of the squamosal, as described in that 
bone. The smallest process is for the union with the supra- 
occipital and parietal. The external branch is flattened dis- 
tally, lying upon and in front of the exoccipital and reaching 
nearly to its distal extremity. Rarely is the bone found sepa- 
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rated from the exoccipital. The bone articulates with the pa- 
rietal, supraoccipital, exoccipital, basioccipital, basisphenoid, 
and squamosal. 

Squamosal. 


Clidastes. The squamosal is a small bone, firmly wedged in 
between the prosquamosal and paroccipital, as also the petrosal. 
It articulates broadly on the outer side with the prosquamosal, 
sending a more or less elongated process along the upper inner 
side of that bone, which may touch the posterior end of the 
postfrontal. A long, thinned and curved process is directed 
upwardly and inwardly to tinite with the distal extremity of 
the parietal process, completing the parieto-squamosal arch. 
Internally it is broadly and firmly united with the exoccipital 
of Cope, the paroccipital of Baur, extending inward on the 
anterior face. In none of the specimens in the museum is the 
petrosal separated from the exoccipital, so that it cannot be 
said with certainty that the relations of the parts in this genus 
are like those of Platecarpus, but such is doubtless the case. 
Below, it forms the middle, antero-posterior, elongated portion 
of the quadrate articular surface, which is completed on the 
outer side by the prosquamosal, and, to a very slight extent, in 
some cases at least, by the paroccipital. The bone articulates 
with the paroccipital, petrosal, parietal, prosquamosal, and, in 
some cases to a limited extent, with the postfrontal. 


In Platecarpus the squamosal closely resembles that of Cli- 
dastes. ‘The internal process on the paroccipital extends very 
nearly to the semicircular canals, forming a long, slender, pyra- 
midal process firmly wedged in between the exoparoccipital and 
the petrosal, and completely excluded by them from the external 
surface. The parietal branch is rather longer, and there is no 
process extending on the prosquamosal. 

In Tylosaurus the internal process is probably like what it is 
in Platecarpus, but this cannot be determined. There is some- 
times a slender process on the prosquamosal, as in Clidastes, 
though never reaching the postfrontal. 
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Prosquamosal (quadratojugal, squamosal). 


Clidastes. 'The prosquamosal is an elongate bone, dilated 
posteriorly. The posterior end is turned downward, with an 
excayation on the lower side for the outer part of the articula- 
tion for the quadrate bone. On the inner side distally it ar- 
ticulates with the squamosal, the anterior process of which 
extends forward as described below. The anterior end forms 
the inner and upper part of the arch, extending nearly to the 
anterior end of the arch, but not reaching the jugal. It is 
deeply grooved on the outer superior side for the postfrontal, 
which extends to a point nearly as* far back as the surface of 
the quadrate. It articulates with the quadrate, squamosal, and 
postorbital. 


Platecarpus. Pl. xxvi, f. 4. The prosquamosal differs from 
that of Clidastes in its relations to the squamosal. In Clidastes 
the upper border of the posterior end is convex and scarcely 
elevated above the body of the bone, or, if so, only sightly. In 
Platecarpus there is a flat process on the upper part, uniting 
with the squamosal, which does not send a process forward. 
The bone anteriorly reaches as far forward as the jugal process 
of the postorbital, and touches the jugal. 


Tylosaurus. 'The prosquamosal in this genus articulates with 
the jugal, as in Platecarpus. It differs from Platecarpus in the 
more rounded, wing-like process on the upper side distally, 
which is pointed in the former and scarcely at all projecting in 
Clidastes. The bone, also, is more curved downward at the pos- 
terior end in this genus. 


Ectopterygoid (or transverse bone). 


The ectopterygoid has never been found in Clidastes, and in 
all probability it is very incompletely ossified in this genus, since 
the slender jugal shows only a small articular surface for it, or 
none at all. 

In Platecarpus (pl. xxv, ff. 4, 5) the bone varies considerably 
in shape in different individuals, the jugal branch being longer 
or shorter. It is somewhat L-shaped, with the shorter branch 
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broad, and with an oblique sutural surface on the under side 
for union with the expanded end of the ectopterygoid process 
of the pterygoid. The anterior branch is slender and more or 
less pointed. Its outer surface is flattened and roughened for 
sutural union with the jugal. It does not reach to the maxilla. 

In Tylosawrus the bone differs only in being a little more 
slender; the pterygoid end less broad. It articulates with the 
jugal in same way as in Platecarpus, not reaching the maxilla. 


Quadraie. 


Clidastes. Pl. xxiv,f. 7. From below, the articulation of 
the quadrate is a little longer from side to side than antero-pos- 
teriorly. In the former direction it is somewhat concave, with 
a median convexity. From without, the rim of the ear cavity 
forms a nearly complete circle, the diameter a little greater from 
above downward, and extending to the tip of the suprastapedial 
process. Its lower margin terminates in a small, roughened 
process, nearly opposite the tip of the suprastapedial process, 
but external to it, and the articular surface of the lower end of 
the bone is beveled so that its upper margin nearly coincides with 
the lower border of the ear cavity. At the upper extremity the 
articular surface is convex in both directions, more strongly so 
antero-posteriorly. Anteriorly the articular surface divides into 
two processes, of which that on the upper border of the ala, the 
alar process, is the longer and narrower. Back of the junction, 
the sides of the surface.are nearly parallel to opposite the top 
of the auditory notch, where it is narrowed at the expense of 
the outer side, which is depressed and roughened. The supra- 
stapedial process is directed downward and somewhat inward, 
reaching a little below the middle of the bone. On the inner 
side the suprastapedial process is excavated above, and toward 
the tip there is a smooth, oval, articular surface looking inward. 
The inner border is nearly straight from above downward, with 
a raised, narrow ridge beginning below the meatal pit and con- 
tinuing nearly to the inferior extremity. In front and slightly 
below the pit there is a distinct roughening on the convex bor- 
der. The roughened projection on the posterior side below is 
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confined to the outer side at the extremity of the alar ridge, the 
surface at its inner side being smoothly convex. The superior 
surface has the internal process much elongated and narrow, 
the cavity between it and the alar process deep. 

There are two, perhaps more, distinct types of quadrates in 
the genus Clidastes, corresponding to the emarginate and non- 
emarginate coracoid. To the first type belongs C. velox, and 
C. pumilus, if it be distinct; while in the second are included 
C. tortor, C. propython, C. dispar, C. westii, and probably all the 
others now known. All of these last-mentioned species have 
quadrates so nearly alike that they do not offer trustworthy 
specific differences. Differences there are among them, but it 
is yet to be determined whether any of them are of more than 
individual importance. The accidental distortions to which the 
Kansas specimens are liable render it hard to determine which 
are adventitious and which are structural. The quadrate of 
C’. tortor differs from that of C. velox as follows: The internal 
border between the superior and inferior angles is deeply con- 
cave, instead of being nearly straight. The border is smooth 
and rounded in the concavity, and is more or less sinuous. In 
C. velox, it is nearly straight, and has a distinct rugosity just 
in front of the meatal pit, and a distinct ridge below it, both of 
which are wanting in C. tortor. The articular surface of the 
suprastapedial process is more narrowed on the upper part, the 
lower end more dilated. Below the end of the process, near the 
inner side, there is a more or less strong tubercular rugosity, 
wanting in C. velox, where the rugosity is toward the posterior 
side, and is represented by a strong rugose ridge in C. tortor, 
extending from the tubercular rugosity obliquely to the outer 
inferior angle. The posterior surface is nearly plane from side 
to side, and convex from above downward to near the lower 
part. In C. velox there is a deep and broad channel, and the 
surface is strongly concave from side to side as well as longi- 
tudinally. The ala is somewhat less dilated and more elongated 
vertically. The upper articular surface is much more deeply 
concave between the anterior and alar processes in C. velox, 
while the inner border at the base of the suprastapedial process 
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is much more concave in C. tortor. The inferior surface appears 
to be broader from side to side in C. tortor. 

Quadrate No. 1119 ( pl. uxrv, f. 4) isin a measure intermediate 
between that of C. tortor and C. velox. The internal posterior 
rugosity is smaller, the anterior border above more concave, 
and the anterior surface somewhat channeled. The quadrate 
of C. westit closely resembles that.of C. tortor. 


The quadrate of Mosasaurus horridus agrees best with that 
of C. tortor, though very different. The interior border from 
above downward is slightly convex in the middle, projecting 
beyond the plane of the ends, instead of being concave. The 
infrastapedial rugosity is very much larger than in C. tortor, 
and situated higher up. Between it and the anterior border 
there is a strong channel, terminating near the thin infe- 
rior border of the stapedial pit. The ridge limiting the infe- 
rior border of the ear cavity posteriorly is sharper, though less 
prominent. The suprastapedial process is much shorter, ter- 
minating almost exactly opposite the middle of the bone. It is 
much broadened below from side to side. The superior inner 
process of the articular surface is very short and obtuse, with 
only a short concavity between it and the alar process. The 
anterior surface is nearly straight from side to side in the mid- 
dle and only moderately convex longitudinally. The stapedial 
pit is of large size, oval and vertial, its upper end reaching 
only a little above the upper end of the meatal notch. The in- 
ferior articular surface is much elongated from side to side and 
only a little broader on the outer part. In Clidastes its breadth 
is much greater on the outer part. 


The quadrate of Brachysaurus (pl. xuvi, f. 2) is, in several 
respects, very remarkable. Its inner side from above down- 
ward is very deeply concave, the border sinuous. The border to 
above the middle*is thin and sharp, the face including a deep 
channel that terminates on the anterior side of the meatus. 
On the upper part, as the deep channel turns backward to the 
opening, the border is broader, but limited posteriorly by a 
rather sharp edge that runs to the inferior part of the stapedial 
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pit. The stapedial pit is situated very high up, almost wholly 
above the meatus, and is more rounded. Its lower border be- 
hind is low and thin, and forms at the same time the upper 
margin of the meatal orifice. The suprastapedial process is 
very stout and broad, descending a little below the middle, and 
broadly and firmly coossified below with the very large and 
stout process. Its inner side-is excavated and roughened, with 
a sharp, thin ridge separating it from the meatus. The poste- 
rior surface is moderately channeled from side to side in the 
middle, more deeply so above. The ala seems to have been only 
moderately broad. Externally the ear cavity is very deep and 
small, ending in the very large opening inclosed by the supra- 
stapcdial process and the tubercle below. The vertical diame- 
ter of the rim is only a little greater than the transverse one, 
and is distinctly less than haif the height of the bone, the floor 
being more nearly horizontal, and not extending nearly so far 
toward the inferior angle as in all the other quadrates described 
in the present work. The superior articular surface has a broad 
and prominent anterior process, with a long concavity between 
it and the alar process, and a broad upper surface of the supra- 
stapedial process, which, however, is placed for the most part 
very obliquely. The outer side, below the ear cavity, is very 
broad and rugose. The lower articular surface is elongated 
from side to side, and moderately dilated externally. 


Platecarpus. Pls. ux, uxt. The quadrate of Platecarpus dif- 
fers very markedly from that of Clidastes in the greatly elon- 
gated suprastapedial process. On the inner side, the large, 
oval, stapedial pit is situated higher up. It is larger and more 
oval, situated nearly as in Brachysaurus ; that is, with its long 
axis very oblique, its thin posterior border forming the upper 
margin of the meatal opening. The prominent internal border 
is formed of a broadly rounded ridge, slightly convex longitudi- 
nally, ending below in the flattened inner surface of the articu- 
lation for the pterygoid. Between this ridge and the inferior 
rugosity there is ashallow pit or channel, very much as in Mosa- 
saurus. ‘The internal angle above is much less prominent than 
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in Clidastes. The inferior anterior angle is acute and the border 
for a short distance is thin and sharp. The anterior surface is 
only moderately convex longitudinally, but has a distinct chan- 
nel, concave from side to side. The alar process of the upper 
articular surface is not as long or slender as in Clidastes ; that 
for the suprastapedial process broad and not constricted. This 
process is long, reaching much below the middle of the bone, 
and arches far backward. It is stout, only a little expanded 
distally, and incloses a large, broad notch between it and the 
body. Its inner side above is beveled or excavated much as in 
Brachysaurus, leaying a free rounded border next the opening. 
About midway in the process there is a rather large, rounded, 
smooth articular surface on the inner side, posteriorly. The 
ala is very large, broad, and thin. Its border is continuous 
from the end of the suprastapedial process to the rugosity below 
the process, and is everywhere thin and prominent, and nearly 
allon one plane. At the lower part, there is a much deeper 
concavity than in the other forms, behind and above the very 
prominent ridge or plate that continues the border to the ru- 
gosity. This rugosity is in the shape of a small tubercle. The 
inferior articular surface is small—very small in proportion to 
the size of the bone —and has a prominent articular projection 
in the middle in front. The bone is very large in proportion to 
the size of the skull, as compared with that of the other genera. 


Tylosauwrus. Pls. tx, txt. Asis the case with Clidastes and 
Platecarpus, the quadrate of Tylosawrus is very characteristic 
of the genus, resembling, however, that of Clidastes more than 
that of Platecarpus. Anteriorly the shape is much like that 
of C. tortor, the inner margin less concave, the outer less con- 
vex, the shape being more like that of a parallelogram, with 
the two articular ends beveled outwardly. The surface is less 
convex from above downward, and there is a distinct longi- 
tudinal channel, the surface transversly in the middle not 
being plane as in (. tortor. The internal face is much lke that 
of C. tortor, the concavity and sinuosity less. The stapedial 
pit is moderately oblique and extends for about half its length 
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above the upper end of the meatal notch. The suprastapedial 
process is very short and broad, and its posterior face only a 
little constricted above. It extends only about a third of the 
length of the bone. On the posterior surface there is a strong 
rugosity a little below the middle of the bone, continued into 
an oblique low ridge that runs to the outer inferior angle. The 
ear cavity is more shallow and much longer from above down- 
ward than from side to side; the outer border but little convex. 
Its wall is thicker than in Platecarpus, where the bottom of the 
concavity is very thin. The inner angle above is stout and 
much produced, but the concavity between it and the alar 
process is long and not very deep. The inner border of the 
articular surface is rather deeply concave. 


Mandible. (Pls. xx, xxtt.) 


The mandible is one of the most peculiar parts of the Mosa- 
saurian skull. It is proportionally very large and stout, and 
exceeds the skull proper in length. Back of the middle there is 
an imperfect joint between the splenial and presplenial bones. 
This joint admitted motion in both lateral and vertical direc- 
tions, though chiefly in the former. The motion, even laterally, 
could not have been great, since a thin plate of the angular 
extends forward within the cavity of the presplenial. Doubtless 
this thin extension was elastic, permitting some inward flexion 
of the dentary, and helping to restore extension. The extension 
of the articular back of the cotylar cavity was never great, 
but the broad, stout posterior part of the mandible evidently 
indicated powerful muscles for the seizure and holding of the 
prey. The following descriptions of the different elements is 
from a jaw of Platecarpus coryphxus, a figure of which from the 
inner side is given in plate xxII. 

The articular forms part of the cotylar cavity —a little less 
than half —the sutural line running obliquely from before back- 
wards and outwards. The surface in this part is concave from 
side to side. The portion back of the cavity, separated by an 
obtuse ridge, is placed obliquely, though in most specimens it 
is crushed flat so as to lie vertically, while in reality it is more 
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nearly horizontal at the extremity. Its upper margin is con- 
vex, running to the obtuse inferior angle. This much of the 
bone is the chondrogenous element of the Testudinata and Rhyn- 
chocephalia known as the articular. The anterior portion, ac- 
cording to Baur, is the co-ossified angular. ‘‘ What is the 
articular of the Lacertilia? A consideration of its relations to 
the other elements of the mandible teaches that it is nothing 
else than the chondrogenous articular plus the dermogenous 
angular of the Testudinata and Rhynchocephalia. The so-called 
angular of the lacertilians is the splenial, and the so-called 
splenial is the presplenial of the Chelyoidea.’’** If these con- 
clusions are correct, it becomes necessary to revise our nomen- 
clature of the elements of the lacertilian mandible. That the 
nomenclature here used may be readily homologized with that 
hitherto used I give the correlative terms, as follows: 


AP HACHIAE tac sao a ede Pde wae we Articular plus angular (articulo-angular ). 
dN Cra) ETRE) Sao eirae PWS Chey RMA AS ERG Splenial. 

SSERECR EO UAT: Sesrcns rch ses Soe oars Coke Supraangular. 

CGronoidy.n ood tesa eis ete Complementary. 

Sipleriialen wee, Je Shit yy Boat che Prespenial. 

STAY ee Se ese rane Sree Dentary. 


That portion of the bone that would be the angular of Baur 
shows no separation whatever in any of the forms from the 
articular proper. The suture separating it externally from the 
surangular proximally and splenial distally runs obliquely 
downward from the posterior part of the cotylus, and then 
nearly parallel with the lower border of the bone. Internally it 
forms a long, thin tongue, extending forward beyond the articu- 
lation, to be inclosed within a cavity of the presplenial. It is 
very thin where it crosses the articulation, but is here undoubt- 
edly capable of bending; otherwise the joint between the two 
segments of the jaw would be immovable. Below on the inner 
side, the anterior projection, the angular proper, is slightly 
overlapped by the margin of the splenial. Above, it meets the 
ridge-like convexity of the surangular below the coronoid, in- 
closing between it and the surangular a long, flattened cavity. 


54 Anatom, Anzeiger, XI, p. 412, 1895. 
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Just below the proximal end of the coronoid an elongated 
foramen leads into the upper part of this cavity. 

The surangular forms the outer anterior three-fifths of the 
cotylus, the surface strongly concave antero-posteriorly, gently 
conyex from side to side. Posteriorly on the outer side, the 
bone unites obliquely with the articular, and from back of the 
middle with the splenial, which forms the inferior border of the 
mandible here. The upper border, as far as the coronoid, is 
thin and sinuous. The extremity is broad and oblique, fimbri- 
ated or roughened. On the anterior half, the lower border is 
narrowly and deeply grooved for the reception of a tongue from 
the splenial. Posteriorly and internally to this grooye, there is 
another for the reception of the margin of the articular. On 
the inner surface, below, the bone is excavated for the reception 
of the flattened part of the articular, its upper margin being an 
angular margin or ridge reaching about midway. Above this 
process a groove leads down into an excavation, which is broader 
in front, forming a foramen leading into the cavity between the 
articular and surangular. The upper border in front is thick- 
ened and rounded for the reception of the coronoid, with a 
sharp, thin, sinuous margin on the outer side posteriorly. Just 
below the surface for the coronoid near the anterior margin, 
there is a groove leading into a foramen. The lower margin of 
the bone is suturally united with the splenial and the angular, 
as already described. 

The splenial of Baur, the angular of authors, forms the thick- 
ened and rounded lower border of the bone for more than half 
the distance back of the articulation. © At its distal extremity it 
has an oval, vertical, articular surface, convex in both direc- 
tions, for union with the presplenial. The bone is U-shaped in 
cross-section, the outer lip with a narrow tongue for insertion 
into the surangular, the inner one thin and overlapping the 
angular, but not reaching to the coronoid. In the cavity 
between the two the plate-like process of the articular is re- 
ceived. See plate LXxIII. 

The coronoid has its upper border deeply concave antero- 
posteriorly, convex and rounded from side to side. Itis U-shaped 
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insection. Posteriorly on the outer side it has a free curved mar- 
gin, inclosing a groove or fossa, which is narrowed and shallow 
below, deeper and broader above, and which looks downwards, 
outwards, and backwards. Its upper border is thinned, rough- 
ened, and irregularly U-shaped. The anterior end of the bone 
is irregularly roughened. 

The presplenizal lies on the inner inferior side of the dentary, 
extending as far forward as the fourth tooth. It appears on 
the outer side at the inferior posterior part, where it is stout 
and rounded on the lower margin. For a large part of its 
extent it forms a deep groove or channel; that is, it is some- 
what U-shaped in section, with the inner side longer and each 
with a thin margin. At the posterior extremity the large 
articular surface for union with the splenial is placed at right 
angles to the long axis of the bone. It is rather deeply cupped, 
oval or subcrescentic in outline, with the long diameter verti- 
cal. Anteriorly the bone is thin, covering up the narrow, deep 
groove for Meckel’s cartilage. 

The dentary comprises more than one-half of the entire length 
of the mandible. It is widened gradually behind, the upper 
border straight or gently concave, the lower border somewhat 
conyex. Anteriorly it projects a short distance beyond the 
first tooth, ending obtusely. On the inner side in this region 
the groove for Meckel’s cartilage begins a little distance before 
the first tooth, the surface below flattened as far back as the 
second for apposition with its mate. There are eleven teeth in 
the dentary of this species, with eight or ten foramina in a row 
below them exteriorly. Posteriorly the jaw projects a short 
distance back of the last tooth, ending in a short, striated proc- 
ess. From without, the jaw in front of the articulation is com- 
posed almost wholly of the dentary, the presplenial showing 
only at the posterior and lower part, the separating suture ap- 
pearing nearly opposite the fourth tooth from the end and run- 
ning back nearly parallel with the upper border. On the inner 
side the presplenial reaches to in front of the middle of the 
bone, opposite the fourth tooth. In front of this bone the groove 
is partially closed by its thin margins. The articulation back of 
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the presplenial is not a complete one, though, as already stated, 
undoubtedly admitting of a little lateral motion. Above the 
shallow ball-and-socket joint the border of the dentary slopes 
obliquely forward, and is denticulated or fimbriated with outer 
and inner lamin interdigitating with similar processes of the 
coronoid and surangular. 

In Clidastes tortor (pl. xx111) the arrangment of the bones 
on the inner side of the posterior part of the mandible is very 
different from what it is in Platecarpus. The coronoid is much 
longer and more prominent, and sends down a broad internal 
plate to overlap the upper part of the splenial, completely in- 
closing, in this region, the anterior part of the articular. The 
surangular is narrower, the anterior end more pointed. The 
dentary is more slender and there are eighteen teeth. 

In Tylosaurus the structure is much more like that of Plate- 
carpus than that of Clidastes. The coronoid and splenial are 
broadly separated, the angular exposed. The coronoid is 
longer and more prominent relatively than in Platecarpus. 'The 
dentary projects more in front of the first tooth. There are 
thirteen teeth. 

In Brachysaurus (pl. xx11) the mandible is stouter and broader. 
The coronoid is more prominent than in Platecarpus and Tylosau- 
rus. The dentary is extraordinarily concave on its upper border. 
It is remarkably short and stout and has twelve or thirteen 
teeth. 

Vertebre. 

The vertebre in the known forms of the Mosasaurs vary in 
number from one hundred and seventeen to possibly one hun- 
dred and fifty, though none are known from the Kansas Cre- 
taceous with more than one hundred and twenty. It is not at 
all improbable that the number of the caudals, or even of the 
precaudals, may vary to a slight extent in different individuals 
of the same species. Much reliance has been placed upon the 
form of these bones in specific classification, but I doubt very 
much whether such characters are generally reliable, largely for 
the reason that most of the Kansas specimens from the Nio- 
brara Cretaceous show more or less distortion from pressure 
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changing the shape of the centra. The vertebrae of Clidastes 
may always be readily distinguished from those of the other 
genera by their greater slenderness, and especially by the pres- 
ence of a more or less complete zygosphene. The vertebree of 
Platecarpus and Tylosaurus do not present any very tangible dif- 
ferences from each other, and it is often difficult, if not impos- 
sible, to distinguish them generically, unless considerable series 
are examined. 

Only three divisions can be distinguished : cervical, dorsal, and 
caudal, and even the cervical do not show clear distinctions from 
the dorsal. For convenience, however, the true thoracic verte- 
bree — that is, those bearing long ribs —may be distinguished 
from the posterior dorsal or lumbo-dorsal vertebre, or those bear- 
ing short ribs. The vertebre themselves, however, will not en- 
able one to place them correctly in their series, except by direct 
comparison with others of the series. In the posterior lumbo- 
dorsals the zygapophyses are weaker and less developed, and the 
transverse processes smaller. At the beginning of the caudal 
series there is an abrupt change, the short costiferous processes 
giving place to flattened, elongate processes that are non- 
costiferous. The non-chevron-bearing vertebrze with these 
simple processes vary in number. in our genera from five to 
seyen, and have been called pygial by the writer and I. C. Case. 
The distinguished paleontologist, Doctor Dollo, has expressed a 
doubt of the nature of these vertebre, contending that some or 
all of them are true lumbar vertebre, as they had all been pre- 
viously considered. I feel yet more assured that they are true 
caudal vertebree —thatis, situated back of the pelvis — and have 
so described and figured them in the restoration of the animals. 
In Varanus, for instance, where there is a true sacrum, the stout 
ilia are directed upward and backward to unite by synchondrosis, 
extending nearly as far back as the posterior part of the ischium. 
This places the ischial symphysis below the sacrum and in front 
of the chevyron-bearing caudals, and leaves the opening for the 
pelvis entirely unrestricted. The number of the vertebree back of 
the sacrum without cheyrons in Varanus is but two, as more are 
not needed, in reality corresponding to four in the Mosasaurs, 
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since there is no sacrum in these animals. I know of no reptile, 
as I have previously stated, in which this arrangement of the 
non-costiferous vertebre is not the rule, and it seems strange 
that the error of confounding the non-costiferous and non-chey- 
ron-bearing vertebre with the mammalian lumbar vertebree 
should have persisted so long. In the Mosasauria there is never 
a sacrum; the rod-like ilia are directed, not backward, but for- 
ward, ending without attachment, but doubtless lying in conti- 
guity with the most anterior of the pygals. The symphysis of 
the ischia is thus thrown below the fourth or fifth vertebra suc- 
ceeding. If these vertebre bore chevrons it will be immediately 
seen they would have protruded into the pelvic cavity, obstruct- 
ing the outlet. Not less than five or six pygial vertebre are 
necessary in these marine lizards to leave space for the free exit 
of the cloaca. 

The relative lengths of the thorax and tail vary in the different 
genera. While in Clidastes velox there are as many as forty- 
two precaudal vertebree, in Tylosaurus and Platecarpus there are 
not more than thirty, with seventy-seven caudal vertebre in 
the first and eighty-six or more in the last two. 


Atlas. 


Clidastes velox. The intercentrum is a small bone with its 
three principal sides of nearly equal extent; the two upper 
articular surfaces are gently concave, and meet in a transverse 
obtuse border. The anterior margin is thin and sharp, the 
articular surface behind it for the condyle more concaye than 
that for the odontoid. The inferior surface is convex, both 
antero-posteriorly and from side to side, with a roughened 
longitudinal prominence in the middle on the posterior part for 
muscular insertion. The posterior articular surface is limited 
by a narrow groove below on the margin of the bone. The 
bone articulates broadly behind with the atlantar hypapophysis, 
reaching above to the surface for the odontoid, and, on the ends, 
to those for the lateral pieces. The lateral pieces have dis- 
tinctly separated articular surfaces for union with the condyle, 
intercentrum, odontoid, and axis. The facet for the intercentrum 
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at the inferior part of the bone is smallest, looking nearly in- 
wards. That for the condyle is flattened, looks nearly forward, 
and is vertical in position. The superior facet, oblique in posi- 
tion vertically and transversely, is for union with the axis, and 
is more or less confluent with the internal triangular surface 
for the odontoid. On the outer side the bone is strongly convex 
from above downward, with a flattened process on the posterior 
upper part, directed upwards and forwards, and expanded 
obliquely at its distal extremity. The inner side of the top 
margin is beveled and striated, and is probably contiguous or 
approximated with its fellow of the opposite side. Directed 
downwards and backwards from the posterior inferior side, 
there is a stout styliform process. Above it there is a small 
tubercular process on the posterior margin of the upper process, 
directed backward. 

In Platecarpus and Tylosaurus the intercentrum resembles the 
same bone in Clidastes, being a little broader antero-posteriorly. 
The lateral processes have the upper process somewhat broader, 
and the styliform process is very much shorter. 


Axis. 


Clidastes velox. The neural spine of the axis is elongated 
antero-posteriorly, its length above equal to that of its proper 
centrum. It is thin on the anterior portion, the border sloping 
upward, the posterior border thickened, stout, and oblique in 
position. The transverse processes are flattened and horizontal, 
the smallest of the costiferous series, and with only a small ar- 
ticular facetfor the rib. The stout postzygapophyses have their 
faces looking obliquely ventrad and laterad. The zygosphenal 
articular surfaces are wholly wanting on the inner side of the 
triangular cavity between the borders leading to the two articu- 
lations. The articular surface of the centrum behind is smoothly 
convex, a little broader from side to side than from above down- 
ward, and only faintly emarginate above. The hypapophysis 
is the largest of the series, and is suturally united with the stout 
exogenous process of the centrum, which is directed almost di- 
rectly ventrad, its posterior margin close to the articular bor- 
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der. The hypapophysis is directed obliquely backward. The 
atlantar hypapophysis forms the cephalo-ventral part of the 
centrum, articulating anteriorly with the intercentrum of the 
atlas, and above suturally with the axis. It bears on its inferior 
surface a small process directed caudad and yentrad. Between 
this process and the anterior border of the exogenous projection 
of the centrum behind there is a deep emargination, the two 
hyapophyses being separated by a considerable interval. The 
odontoid process is united to the body of the axis by suture. 
Its upper surface is nearly horizontal and shallowly concave. 
The articular surface for lateral pieces and the occipital condyle 
is oblique and slightly concaye from above downward, the upper 
margin rounded and semicircular from side to side. 

The axis in Platecarpus differs from that of Clidastes in the 
spine being more prominent in front, in being thicker behind, 
and in the ball being not at all emarginate above. The hypa- 
pophysial protuberance is shorter or nearly sessile. The post- 
zygapophyses stand out more freely, the ridges above them are 
less prominent. The hypapophysis is entirely free. 


Third to Seventh Cervical Vertebree. 


Clidastes velox. The third cervical vertebra shows a well- 
developed zygosphenal articulation posteriorly. The transverse 
processes are small, only a little larger than those of the axis, but, 
unlike them, they are strengthened by a ridge running obliquely 
ventrad and caudad from the under side of the anterior zyga- 
pophyses. The hypapophysial projection is rather longer and 
stouter than that of the axis, the hypapophysis itself of about 
the same size, or a little smaller, and directed, like that, back- 
ward. The spine is a stout rounded, or trihedral projection, 
with a sharp carina on the anterior side, less oblique on its mar- 
gin. The spine is directed rather more obliquely than in the 
following vertebre. 

The fourth cervical vertebra has stouter transverse processes, 
the anterior portion, turned downwards and then forwards to 
the rim of the cup, is stronger, the oblique ridge leading to the 
under side of the zygapophyses stouter, and the hypapophysis 
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is directed rather more directly ventrad. The spine is less stout 
than in the preceding, and is rather more vertical in position 
and the anterior thinned part above is more dilated. 

The fifth cervical vertebra differs from the fourth in the 
broader spine, the stouter transverse processes, and the smaller 
hypapophysis. 

In the the sixth cervical vertebra the hypapophysis is reduced 
to a small ossification in some cases, always distinctly smaller 
than that of the preceding vertebra, and it is directed wholly 
ventrad. The spine has reached nearly the full width of that 
of the following vertebra, though it is somewhat stouter above. 
The transverse processes are yet stouter. 

In the seventh or last cervical vertebra the hypapophysis is 
wanting, or is the merest rudiment. The hypapophysial projec- 
tion of the centrum is reduced in size, and the centrum in front 
of it has gradually, assumed the shape of an obtuse carina. 


Dorsal Vertebrz. 


In Clidastes velox there are thirty-five vertebree between the 
last ceryical and the first non-costiferous vertebra, to which the 
pelvis was, evidently, related. The distinction between the cervi- 
cals and thoracics cannot be made out from any inherent char- 
acter, as the last cervical does not bear a distinct hypapophysis. 
In a series of vertebre referred to C. pumilus, a species doubt- 
fully distinct from C. velox, the seventh vertebra bears a short 
rib. Ina specimen of C. velox the eighth post-cranial vertebra 
has a long rib attached to it, evidently articulating with the 
sternum. From this it is evident that there are seven true 
cervicals. Posteriorly, also, there is no distinction between 
the thoracic vertebree and those of the lumbar region. All 
the vertebre anterior to the pelvic region bear ribs, and 
all should be considered as dorsal vertebre, the true tho- 
racic vertebre being restricted to those in which the 
ribs are elongated and inclosing the thoracic cavity, 
whether connected with a sternum or not. In the anterior 
dorsal vertebree the centra are subcarinate below, the ob- 
tuse, rounded keel becoming less and less apparent until no 
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indications of it can be seen, before the middle of the series. 
The transverse processes reach their maximum in the first tho- 
racic vertebra. On the anterior cervicals, the articular surface 
is nearly rectangular and the two arms of nearly equal length, 
the anterior one reaching nearly to the rim of the cup, the 
other thicker, vertical and uniting near its upper end with the 
stout, rounded ridge from the anterior zygapophysis. In the pos- 
terior cervicals the anterior arm assumes a more oblique 
position, the included angle being more obtuse; it is shorter 
and does not reach as near to the rim of the cup. In the first 
thoracic the vertical branch is nearly twice the length of the 
other. In the third or fourth the anterior arm has become a 
short, curved, pointed projection, directed more downwards than 
forwards. The upper posterior angle is curved backward in the 
whole series to a moderate extent, giving, in the anterior dor- 
sals a curved articular surface resembling the italic letter S. 
The zygapophyses have nearly the same position throughout. 
They are much the stoutest and the longest in the cervical and 
anterior dorsal region, showing evidently a greater range of 
downward curvature in thisregion. They immediately become 
shorter, and the oblique ridge connecting them with the upper 
part of the transverse process is weaker and more slender. 

In the most anterior thoracic vertebree the plane of the articu- 
lar surface for the transverse process lies only a little exterior to 
the outer border of the zygapophyses, but posteriorly the process 
stands widely beyond the zygapophyses, being absolutely and 
relatively longer, and the transverse process is somewhat con- 
stricted before the end. The spinous processes increase very 
slightly in length and breadth, and are only slightly and nearly 
uniformly oblique throughout. The centra increase very slightly 
in length to beyond the middle of the series, the posterior ones 
being distinctly more slender, and, as already stated, have more 
protuberant transverse processes. The vertical diameter of the 
ball increases slightly, while the transverse diameter remains 
more nearly the same. 
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Caudal Vertebree. 


Immediately following the thirty-fifth costiferous vertebra in 
Clidastes, the tubercular rib-process gives place to an elongated 
non-costiferous process. There are seven such vertebree in this 
species — with elongated flattened process and without chevrons. 
A distinctive name for them is needed, and in a previous paper” 
the name pygial was proposed. These pygial vertebrae, or pygals, 
are seyen in number in this species. The under surface is some- 
what flattened, and, as in the preceding vertebree, is gently con- 
cave antero-posteriorly. The transverse processes are elongate, 
flattened, with a thin rounded extremity, and are directed gently 
downward. Inthe anterior vertebra the processes spring from 
the anterior part. As the centra become shorter they arise from 
near the middle. In the last of the series there are minute in- 
dications of chevrons. The centra, which had already begun 
to decrease in length in the posterior part of the lumbo-dorsal 
series, diminish rapidly, the last being only three-fourths the 
length of the first. The transverse processes are of nearly the 
same length throughout, their expanse being fully four times 
the length of the first centrum. 

The centra of those vertebrxe which bear chevrons do not dif- 
fer much in shape. They become less constricted, and, back of 
the middle of the series, are smoothly cylindrical in shape. 
The transverse processes decrease gradually in length and size, 
and ascend somewhat on the centrum, disappearing entirely on 
the twenty-fifth or twenty-sixth. The spinous processes are now 
much narrower than in the precaudal series, though of nearly 
the same length, increasing gradually in this respect for the first 
twenty of the series, and are markedly oblique, with the pos- 
terior border stout, and the anterior border alate. With the 
twenty-sixth, where the transverse processes cease, the spines 
begin to increase rapidly in length, and have become more ver- 
tical in position, with both borders thinner. In the thirty-fifth 
or thirty-sixth they attain their greatest length, and are here 
directed slightly forward. Thence to the end of the tail the 
spines decrease gradually and they become more and more oblique 
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backward. ‘Towards the end of the tail, the length of the cen- 
tra decreases more rapidly than in the anterior parts, finally 
terminating in a mere nodule of bone. In the well-preserved 
specimen described there are seventy-seven vertebre with chey- 
rons, all continuous, except in one place. The last one is less 
than a fourth of an inch in diameter, and shows that there had 
been yet another, possibly several more. The entire series was 
not less than seventy-eight and probably not more than eighty. 
The chevrons are strongly oblique throughout, and are firmly 
coossified with the centra. They are much more slender and 
longer than in the other genera. 

The tail of Clidastes, as is thus seen, has a broad, vertical, 
fin-like extremity, and doubtless aided very materially in the 
propulsion of the animal through the water. 

In Platecarpus the cervicals are less slender than in Clidastes. 
There are no zygosphenes, or the merest rudiments of them; 
the centrum is more transverse. The centra are transversely 
oval in the dorsal region, more pear-shaped in the pygal, and 
vertically oval in the caudal. There are six pygals, and their 
transverse processes are stouter and flatter than in either of the 
other genera. The vertebre bearing transverse processes be- 
hind the pygals are fewer in number than in either of the 
other genera. The precise number of the vertebre bearing 
chevrons cannot be determined, though in all probability the 
tail does not differ in this respect from-that of Tylosaurus. The 
spines are all regular, there being no dilatation of the tail as in 
Clidastes, and the obliquity is apparently also not irregular. 
The chevrons are longer than in Tylosaurus, but not nearly so 
slender and elongate as in Clidastes. They are all articulated 
by a rounded head into a small cup-like depression on the under 
side of the centra back of their middle. 

In Tylosaurus the dorsal yertebree are yet more transverse in 
outline and the pygals more pyriform. In fact, in most speci- 
mens of the pygals the centrum is found almost triangular in 
shape, the exaggerations due to the crushing, which almost al- 
Ways occurs from above downwards in these specimens, owing 
to the transverse processes fixing the position of the vertebre 
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in the sediment. The caudal vertebre are distinctly vertical 
oval. The spines and chevrons are stouter and shorter in pro- 
portion to the centra than in Platecarpus. The former, also, 
show a marked degree of irregularity in their obliquity, as will 
be seen in the restoration of this species. Probably this irregu- 
larity is not constant in all the different individuals of the same 
species. The number of the pygals is somewhat indefinite. 
In aspecimen in the museum in which the vertebral column 
is complete there are five typical ones and two more with rudi- 
mentary tubercles for the chevrons. In others these tubercles 
are somewhat larger. The number is not less than five, and 
may be seven. a 

Below is given a comparison of the different regions of the 
vertebral column in the three typical species that have been dis- 


cussed in this work. 
Number of vertebre. 


Clidastes. Platecarpus. Tylosaurus. 
@Wervicaltee so eee eee Tee atch cn Ek ORO TEER HIPAA a he RaCRMPREY DM 7 
Worsalsran onc see. eee BIT) tech ie RRL OLR aA te LE CPAP AVEED a Bum Bie baer SY LUN DAL 23 
12470) el ee eer et ee Lies Me renal sere ee oot e ES Fen ay Bee eater a east HM SLR 6 
Chevron caudals....... TAU ex Sh SHR rN Meh erate ch ROE SLO Ne Bria eesicose Haare Ts 80 
118 115? 116 

Lengths of the different regions. 

Clidastes. Platecarpus. Tylosaurus. 
Sarl eee eee ORAZ Oey thee Rasa ODT eee NA UNI 0.816 
IN GG are ih atte frente DOG tee ae Sera nida tees hey A ONES ANS Fae Ue att 360 
SEP UECe se ere. iL 310 Vo peie MARA etn Dead OED ae oe riers enon ENaC 2.000 
Darley et. Soe ee 4A GO): Rete aoe aon isae QM GOR poeta ae eae 3.165 
3.466 4.257 6.341 

Proportionate lengths of the different regions of the body. 

Clidastes, Platecarpus. Tylosaurus. 
Sloullheey se ae eee gO ee CN a Ue ee elt art ta AID FEO ARAM SANE RUMI cil 13.0 
INGCEA ae ee GROE ae eto eed ea: BiG ik saree nis ao aipD 5.6 
A batial che oe eee ete BOP ete bie eAR iE oe Fadl Wea epaERe rue ar Nay he Bil) 
Parley ty ea ete sei: BDO /S RE aha AS CNA NOL: Ei ORY (eileen ek each is ah eee Kats 49.9 
100.0 100.0 100.0 

Extremities. 


In all the known Mosasaurs there are four functional limbs, 
varying not a little in the different genera in size and structure. 
The arm and leg bones are short and broad, the articular sur- 
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faces not conspicuously differentiated, and evidently capable of 
great dorso-ventral flexibility. The carpus and tarsus in some 
forms are well developed, with closely interlocking bones; in 
others the number may be decreased to a single one, a mere 
nodule set in a broad plate of fibro-cartilage. The metapodials 
cannot, in many instances, be distinguished from the phalanges, 
save by their greater size. They are all elongated, hour-glass 
shaped, somewhat flattened at either extremity, and constricted 
into a cylindrical or flattened shaft. In Tylosaurus, the thin 
membrane supporting the digits has been found quite to the ex- 
tremity and there can be no question but that the digits in all 
were webbed throughout. 
Scapula. 


Clidastes velox. The scapula is a thin flattened bone, with 
the lower portion thickened and stout. Its superior border is 
long and thin, somewhat thicker on the posterior half. The 
margin is squarely truncated for the attachment of a plate of 
cartilage, which extends up on the sides of the thorax, as in re- 
cent lizards. This cartilage is often preserved in a semiossified 
condition. The convexity is greatest near the middle of the 
superior border and near the anterior end—the margins more 
nearly straight between these points. Posteriorly the angle is 
acute, whence the posterior border, reaching nearly midway to 
the glenoid articulation, is straight, thinned, and nearly verti- 
cal, ending in a thin angle. Below this angle the border is 
concave, rounded and thickened below. The anterior inferior 
angle is nearly rectangular, the border below in front of the 
coracoid thin and sharp and concave, ending in a thickened, 
triangular, much-roughened process, just in front of the cora- 
coid union, looking downward, for ligamentous attachment. 
The head of the bone is divided by an oblique ridge into un- 
equal facets, meeting each other in an obtuse angle. The an- 
terior one, the larger, is roughened for union with the coracoid. 
The posterior one is smooth, concave in front, conyex behind, 
looking downward, backward, and outward. The outer surface 
of the bone is nearly flat, the inner more concave, the head be- 
ing formed chiefly at the expense of this side. The glenoid 
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margin on the outer side is produced into a sharp, prominent 
lip. 

Mosasaurus horridus. An imperfect scapula of this species 
apparently closely resembles the same bone in Clidastes. It is 
less distorted and crushed, so that the neck is less flattened, 
and the lip of the glenoid articulation is produced into a sharp, 
prominent ridge. 

Platecarpus corypheus. The scapula in Platecarpus has greater 
vertical height than in Clidastes and less antero-posterior elon- 
gation. The superior border is much more strongly convex, 
the greatest convexity being at the uppermost part. The pos- 
terior part is not as strongly produced, the angle not as 
acute. The free, thin upper border is much shorter or reduced 
to a short convexity, the concave border below it much longer 
and thicker. The anterior inferior border is concave as in 
Clidastes, ending in a sharp margin somewhat deflected on the 
inner side, the thinning due to a broad groove on the outer 
surface. In some specimens the border is concave, in others 
straight from the anterior angle to the smaller roughening 
in front of the coracoid articulation. Around the lip of the 
coracoid articulation there is a considerable ligamentous rough- 
ening, as in Clidastes. 

Tylosaurus dyspelor. The scapula of Tylosawrus closely re- 
sembles that of Platecarpus, but is, relatively, both to the size 
of the coracoid and to the skeleton, a much smaller bone, its size 
in T. proriger, of twenty-four feet in length, being absolutely 
smaller than in P. coryphaeus, of thirteen feet in length. The 
bone in Tylosaurus is less expanded vertically and antero-pos- 
teriorly than in Platecarpus. The posterior emargination is 
shorter, the superior border thicker. 

Coracoid. 

Clidastes veloz. The coracoid is a broad, thin, fan-shaped 
bone, flattened on the exterior surface, concave on the inner. 
The head, like that of the scapula, is divided by an oblique 
ridge into unequal facets, meeting in an obtuse angle. The an- 
terior and large one for the scapula is concave, and directed ob- 
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liquely inwards. The outer posterior one, forming about one- 
half of the glenoid fossa, is largely concave, and is produced 
into a prominent ridge outwardly. The posterior inferior bor- 
der is thickened, concave, and roughened immediately back of 
the glenoid margin, straight and thin distally, ending in a 
rounded angle. The anterior superior border is nearly straight 
or gently convex on the outer three-fifths, moderately thickened 
and ending in arectangle. Proximally it is beveled convexly 
at the expense of the outer surface, terminatingin a thin, sharp, 
prominent ridge, extending from the apex of the roughened tri- 
angular space in front of the scapular surface to the inner side 
of the superior border, a little before the middle. The inferior 
border is thin and convex throughout from before back, the 
convexity being greater on the posterior part. The border is 
lipped for cartilage, and is a little thicker near the posterior 
end. Just back of the anterior fourth of the border there is a 
deep emargination, with very thin margins. In front of this 
emargination the border of the bone is thicker, especially on the 
posterior half, where the border is swollen. Just back of the 
emargination the border is also a little thickened. About mid- 
way between the bottom of the emargination and the margin of 
the scapular articulation the small coracoid foramen pierces the 
bone from above downwards. 

In most specimens of Mosasaurs from Kansas the bones are 
flattened, from pressure. The present specimen has, however, 
the two bones but little changed, so that the angle between the 
scapula and the coracoid is shown nearly asin life. Their re- 
lationship will be clearly seen in plate xxx1, figure 6, which 
shows the two bones as articulated, from behind. 

Platecarpus. The coracoid of Platecarpus resembles that of 
Clidastes rather closely. The bone is longer and less expanded 
distally, the neck longer and proportionally narrower, the pos- 
terior margin longer and concave throughout. 

In Tylosaurus, the coracoid is very large in proportion to the 
scapula. The anterior border is nearly straight, the posterior 
concave, the inferior strongly convex. There is no emargina- 
tion. 
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Humerus. 


This bone is characterized by the absence of a distinct neck, 
by its constrictions and transverse dilatation distally. There 
appear to be two distinct types, characterized by the tuberosi- 
ties of the distal end. 


Mosasaurus horridus. The humerus in this species is a mas- 
sive bone, agreeing best with the humerus of Clidastes. The 
greater diameter of the proximal articular surface is antero- 
posterior, instead of transverse. The slightly pitted, trans- 
versely gently concave surface is crescentric in outline, with 
the concavity facing the radial border. At the ulnar side proxi- 
mally, there is a stout, massive tuberosity, directed upward 
and inward, and rising about an inch above the articular sur- 
face. It is subovate in cross-section, its end convex, and the 
surface cartilaginous. The stout pectoral ridge is scarcely dif- 
ferentiated from the body of the bone, being very broad. It is 
situated nearly in the middle of the bone, its proximal end 
forming the inferior end of the large crescent already described. 
The distal border has the broad, thickened surface for articula- 
tion with the radius placed obliquely, looking to the radial side 
and also dorsally. At its outer end there is a stout, styliform, 
flattened process directed outwards in the horizontal plane of 
the bone, its oval extremity showing a cartilaginous surface. 
The ulnar condylar process is stout and projects on the palmar 
side of the bone. Its distal surface looks inward and some- 
what downward. 


Clidastes velox. In this species the proximal end of the bone 
is transyerse, but less regular in outline than in the following 
genera. The glenoid articular surface is situated near the 
middle transversely, its surface concave in both directions. 
The articular or cartilaginous surface is continuous to the in- 
ner angle of the bone. This portion of the bone, which in Mo- 
sasaurus is raised prominently into a tuberosity, is only a little 
prominent in Clidastes, forming the inner two-fifths of the mar- 
gin of the bone, and ending in a thin border. Possibly in life 
‘the resemblance between the two genera in this part may have 
12—1v 
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been somewhat greater, but the differences are nevertheless 
very marked. On the distal border, the thickened, smooth and 
nearly flat articular border for the radius looks very obliquely 
outward, more so than in any other form; it meets the surface 
for the ulna in a rounded angle. At the proximal (outer) 
rounded margin of the articulation begins the prominent, styli- 
form radial process, directed outward in the plane of the bone; 
it is flattened from above downward, and its tip was covered 
with cartilage. The ulnar condylar process is stout and thick, 
its surface subtriangular in outline, looking downwards, in- 
wards and distad. The surface of the bone on the outer (ra- 
dial) side is roughened. ‘The free ulnar border of the bone is 
much longer than the radial, and more deeply concave. The 
radial border forms a short notch between the upper angle of 
the bone and the radial process. The pectoral process is more 
distinctly differentiated than in Mosasaurus, is situated nearer 
to the radial side of the bone, and has, at its upper part, a dis- 
tinct cartilaginous surface, separated from that of the head of 
the bone and looking more downward. The dorsal surface of 
the bone is convex transversely, and gently concave along the 
middle longitudinally. A humerus of Clidastes westii, from the 
Fort Pierre, in the collection, has not been subjected to com- 
pression or distortion. The shapés of the two ends are shown 
in plate xxxrtx. It is probable that these outlines represent 
the general Clidastes type. 

Brachysaurus overtonit. The humerus of Brachysaurus differs 
markedly from that of all the other forms. It is stout and 
broad. Its proximal end is angulated near the middle, both 
sides sloping away from the angle, much as in Tylosaurus. The 
ulnar side is the longer and thinner of the two. The distal bor- 
der is much elongated, and more convex from side to side than 
in the other genera. Its greater thickness is on the radial side, 
whence the border turns proximad to near the middle of the 
bone, leaving only a very short, moderately deep notch between 
it and the superior angle. There is no radial process. The 
ulnar side of the distal margin is considerably thickened as far 
as the place where it is reflected downward, where it is contin- 


WILLISTON. | Mosasaurs. 149 


ued as a thin margin into the stout ulnar condyle, whose sur- 
face looks downwards and distad. The pectoral process is very 
small, is oblique in position, as in Platecarpus, and is situated 
close to the radial side of the bone; itsridge is thin. The dor- 
sal surface is markedly concave from side to side; the palmar 
surface, flattened and concave. The specimen described, like 
that of Mosasaurus has not been subject to the compression so 
common among the Kansas specimens. Its resemblances are 
apparently greater to Platecarpus, though very different in the 
convexity and angularity of the proximal end. See plate LxIr. 

Platecarpus corypheus. The humerus in this genus is the most 
expanded of any of the forms known to me, its width distally 
being nearly as great as the length. The proximal border is 
nearly straight, transversly or gently concave along the middle, 
the margins thinner and rounded. The distal border is much 
expanded and broadly conyex, forming nearly the half of a 
circle. The thickened articular surface for the radius looks a 
little obliquely outward ; proximad to the thickened portion the 
border forms a gently convex outline, its chord nearly parallel 
to the longitudinal axis of the bone; this portion is thinned 
and the surface covered with cartilage. In no other form, save 
Brachysaurus, is the structure similar here. The ulnar side is 
more expanded than the radial, its convex border nearly longi- 
tudinal. The surface here, however, is thickened to form the 
tuberosity, which looks downward. The tuberosity is not very 
stout, and is connected with the ulnar articular border by a 
thinner margin, which is not emarginated. Both the radial and 
ulnar borders of the bone are deeply emarginated, the bone be- 
ing much constricted above the middle. The ulnar border is a 
little, though not much, longer than the radial. The pectoral 
process is situated more nearly in the middle of the bone than 
in any of the other forms. It is obliquely inclined toward the 
radial side, and compressed from side to side, the ridge blend- 
ing with the surface a little below the middle of the bone. Its 
cartilaginous surfaces reaches through more than half of its 
extent, and is either entirely separated from the cartilaginous 
surface of the head or is only narrowly connected. The proc- 


(150 University of Kansas Geological Survey. 


ess is gently inclined toward the radial side. On the dorsal 
surface, a little distad and laterad of the middle, there is a 
small roughening for muscular attachment. The same process 
seems to be apparent in most of the genera, and may be called 
the deltoid tubercle. 


Tylosaurus proriger. The humerus of Tylosaurus is the most 
elongate and least expanded of any of the Kansas forms, and is 
relatively the smallest. Its proximal end, unlike that of the 
other genera, save Bbrachysaurus, is not transverse, but strongly 
angulated a little to one side of the middle, its thinned border 
sloping sharply away to meet the radial border in a rounded 
angle about opposite the proximal fourth of the bone. The 
ulnar side of the proximal border is moderately thinned and 
slopes gently, and is more expanded than the radial side. The 
distal border is much thicker on the radial side, the ulnar side 
being thinner and only moderately expanded. The radial angle 
is thin and very shghtly produced; it has no projecting proc- 
ess. The ulnar angle, though more prominent, has no thick- 
ened process. The free radial border is long and gently 
concave between the proximal and distal rounded angles; that 
of the ulnar side is longer and deeper, but, like the other, is 
nearly uniform in curvature, much more so than in the other 
genera. The pectoral process is less projecting than in the 
other genera, its cartilaginous surface smaller and situated 
more nearly the proximal end. The rounded ridge which it 
forms is situated nearly in the longitudinal axis of the bone, 
and in line with the radial thickening of the distal end. 


Radius. 


Mosasaurus horridus. The radius in this species, as in all the 
other species of the group, is much the larger bone of the fore- 
arm. Itis very stout at the proximal end, broadly expanded 
at the distal. In the single specimen of this species known to 
me the outer part of the bone is missing. The inner part dif- 
fers from the corresponding bone of Clidastes in the distal angle 
being more produced. 
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Clidastes velox. In Clidastes velox the radius is almost fan- 
shaped. The proximal end is thickened, ovate in shape, the 
greater thickening on the outer side. The articular surface is 
smooth and gently concave for close union with the humerus. 
Beyond the head, at about the proximal third, the bone is much 
contracted, the width here being about one-third of that in its 
widest place. On the distal end the bone is much expanded, 
forming more than half of a circle, with the carpal articular 
border a chord. The outer margin is short and deep, the border 
thinned. The inner border is thicker and about a half longer 
than the outer, its distal end forming an acute angle with the 
inner end of the carpal surface. The carpal border forms more 
than a third of the distal periphery. It is thickened, concave 
and smooth on the surface, and placed very obliquely to the axis 
of the bone—about forty-five degrees. The remainder of the 
distal border is thin, and gives attachment to cartilage. I can 
give no rule by which the bones of the two sides may be dis- 
tinguished, save perhaps that the thickening of the proximal 
end seems to be less uniform on the dorsal side, its greatest 
convexity in cross-section being on the outer side. 


Platecarpus. In Platecarpus the shape of the radius is much 
more like that of Clidastes than of Tylosawrus. The bone is 
broader and flatter, the proximal portion less constricted, the 
distal border more uniformly a half circle—that is, the carpal 
border is not so distinctly a chord of a circle—and the curva- 
ture transversely is less strong. The articular part of the distal 
extremity is only a little thicker than the free cartilaginous 
border. The whole surface of the border is, moreover, coarsely 
roughened, showing an intervening attachment of fibro-cartilage. 


Tylosaurus. The radius of Tylosaurus, like the other paddle 
bones of this genus, is elongate and narrow. The proximal end 
has an oyal articular face at right angles to the long axis of the 
bone, for articulation with the humerus. The shaft is only mod- 
erately narrowed to near the middle of the bone. The distal 
extremity is about a half wider than the proximal. On its 
inner side it is thickened for more than half its width; the 
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outer part is thin and moderately concave, and reaches the full 
length of the bone, from the thickened proximal to the distal 
angle. The bone has no articulation distally, the single carpal 
bone being set in a plate of fibro-cartilage, which is attached to 
the roughened border of the forearm bones. 


Uina. 


Mosasaurus horridus. The ulna in Mosasaurus is a less broad 
bone than is the radius, but is rather stouter in its proportions. 
The proximal end is stout, thick, transverse, and rectangular, 
the surface somewhat cupped and smooth; in outline subtri- 
angular, with the inner angle produced more than the outer. 
The distal extremity is less expanded than the proximal, and 
shows three facets for close union with carpal bones, separated 
from each other by slight angles, that on the outer side the 
most angulated. The middle facet, the largest, is nearly trans- 
verse to the long axis of the bone. The inner border is thicker 
than the outer and more deeply concave, the greatest concavity a 
little beyond the middle of the bones; the border extends from 
the sharp angle of the carpal articulation to the slightly rounded 
angle of the humeral. On the inner side the border is shorter, 
thinner, and less deeply concaye, extending from the angle for 
the surface of the sesamoid bone to the rounded, thinned, ole- 
cranon expansion on the inner side of the proximal end. The 
shaft of the bone is twisted somewhat, so that the inner border 
at the proximal end is turned downwards. The dorsal surface 
of the bone is markedly concave longitudinally and transversely 
throughout the most of its extent, the plane of the proximal 
end twisted dorsally on the inner side. On the palmar surface 
the bone is strongly convex transversely and but slightly con- 
cave from end to end. 

Clidastes velox. The ulna in this species differs only in minor 
details from the same bone of Mosasaurus horridus. It is more 
slender and less stout, the proximal articulation is placed a little 
more obliquely to the long axis of the bone, the olecranon proc- 
ess is smaller, and the corresponding inner border longer. The 
distal articulation is more oblique outwardly and there are but 
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two facets for articulation with the carpal bones. The outer one 
is straight and cupped and reaches over nearly the whole extent 
of the distal surface, that for the pisiform inwardly being merely 
a notch-like opening between the ulna and the ulnare carpal. 


Platecarpus corypheus. The ulna of Platecarpus is more nearly 
like that of Clidastes than of Tylosaurus. Both the proximal 
and distal articular surfaces are placec more obliquely to the 
axis of the bone and the distal expansion is greater. The ole- 
cranon expansion is not rounded, but angulated, the roughened 
cartilaginous surface meeting the free border in a right angle. 
In Mosascurus the cartilaginous surface extends out a moderate 
distance on the projection, but in Clidastes the expansion from 
the edge of the humeral articulation is rounded and smooth. 
The distal extremity shows a large, thickened, roughened bor- 
der on the outer side for the carpal bone; the outer part thin- 
ner, less roughened, and meeting the free border in a right angle. 
The bone, as in Clidastes, is concave above transversely, convex 
below. 

Tylosaurus proriger. The ulna in Tylosaurus is the most slen- 
der of the arm bones of any genus. Its proximal extremity is 
a little wider than the distal, and placed obliquely outwards to 
the axis of the bone. The distal extremity is transverse and 
but little expanded, its border gently convex. Both the inner 
and outer free borders are long and gently concave, the great- 
est narrowing of the bone occurring a little beyond the middle. 
The olecranon expansion is thin, its border gently convex. 
The bone is conyex from side to side, both above and below. 

Carpus. 

The carpus in Mosasaurus and Clidastes is composed of seven 
bones, closely articulating, forming a firm and but slightly 
flexible wrist. In Platecarpus there are four bones, the inner 
part of the wrist, between the radius and the first and second 
metacarpals, remaining cartilaginous. In 7ylosawrus the carpals 
exist as a mere rudiment in a single, rounded ossicle, situated 
at the inner end of the radius and surrounded on all sides by 
cartilage. 
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Mosasaurus horridus. There are four carpal bones in the prox- 
imal row, which may be designated the radiale, mediale, ulnare, 
and pisiform. The radiale is trapezoidal in shape, the inner 
end narrower than the outer. Its proximal articulation is the 
longest and thickest; it articulates closely with the radius, but 
does not extend quite to the inner end of the distal border of 
that bone. The distal border, nearly as long and thick, is 
straight and turned somewhat more outwards; it articulates 
with the broad first metacarpal. The outer, free border is 
rounded and thinner than any of the others. The inner border, 
less thick than the long borders, meets the distal border in a 
rounded rectangle, and articulates with the rounded bone of the 
second row. Between this and the upper border the margin is 
rounded, where it meets the mediale for a short distance. The 
mediale is the next in size of the carpal bones, but is thinner 
than either the radiale or ulnare. It has a free, thin, concave, 
proximal border, extending from the distal, opposing angles of 
the forearm bones. The distal border, nearly parallel with the 
chord of the free border, is for articulation with the middle bone 
of the second row. Its outer border has three articular surfaces 
in this species ; the two proximal ones rounded and indistinctly 
separated, for articulation with radiale and radius; the distal 
one, as long as the other two together, is for articulation with 
the third of the distal row. On the ulnar side there are two 
articulations, the proximal one the thickest of all, but short, for 
union with the ulnar; the other, long one, for union with the 
ulnare. The ulnare is a stout, nearly square bone, nearly or 
quite as large as the mediale. Its outer border, for union with 
the thinned mediale, is abruptly thinned. Its proximal and 
distal borders are very thick; the former slightly convex from 
above downwards, the latter gently concave. The distal one is 
a little the longer, and articulates with the third distal carpal ; 
the proximal with the ulna. The outer side is rounded and has 
two small articular facets, the proximal one, the larger, form- 
ing an entering angle with the ulna, for the pisiform ; the distal, 
smaller one, for articulation with the fifth metacarpal. In the 
distal row there must have been three carpals, only one of which 
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is preserved in this specimen. The -outer one is subround or 
subquadrate, and articulates with the following bones, there 
being no free border: radiale, mediale, medial distal carpal, 
first and second metacarpals. 


Clidastes velox. The carpals of Clidastes are seven in number, 
situated in two rows, and firmly articulated with each other 
and the adjacent bones. They very much resemble the bones of 
Mosasaurus. The largest is the radiale, an irregularly shaped 
bone, and thicker than any of the others. Its thickest facet is 
for articulation with the radius. Its rounded outer angle is free. 
Its longest face, directed obliquely outward, is for articulation 
with the first metacarpal. On the inner side there are two 
facets, indistinctly separated, the proximal for articulation with 
the mediale, the more distal one for the outer distal carpal. Be- 
tween the mediale and the angle of the radius there is a short, 
free, rounded border. The mediale is five-sided. Its shortest 
side articulates with the radiale; the longest, at the opposite 
end, with the ulnare. Between these faces distally there are 
three articular facets for the three distal carpals, the outer one 
the longest, and meeting the middle in an angle. Proximally, 
between the radial and ulnar facets, the border is free, concave, 
and thinned, continuing the curve from the radiale to the angle 
of the ulna, which the bone slightly touches. The ulnare is in- 
distinctly five-sided, and is the second largest bone of the carpus. 
The largest and thickest face articulates with the ulna; the 
shorter face, on the outer side, with the mediale. Internally, 
the broad, rounded end has two facets, indistinctly separated, 
for articulation with the pisiform and the fifth metacarpal. The 
pisiform, an elongate bone, is inserted into the entering angle 
between the ulnaand the ulnare ; of the two proximal faces, that 
for the ulnare is a little the longer. The distal extremity is 
transversely convex, and is tipped with cartilage. The two 
sides are parallel and free, the distal one shorter and thinner 
than the proximal one. The distal carpals, three in number, 
are all of nearly the same size and shape, the inner one a little 
the largest. They are irregularly four- or five-sided. The inner 
one articulates with the ulnare, the mediale and the second dis- 
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tal carpal, and with the first and second distal carpals. The 
middle one articulates with the mediale, the other two of the 
distal row, and the third metacarpal. The outer one articulates 
with the radiale, the mediale, the middle distal carpal, and the 
fourth metacarpal. ‘These three bones are thinner than the 
others, save the mediale. 


Platecarpus. The carpal bones of Platecarpus are four in num- 
ber, articulating rather closely together, and situated on the ul- 
nar side of the wrist. They are the ulnare and mediale of 
the proximal row, the first and second of the distal row. The 
radiale, pisiform and outer distal carpal are wanting. This 
structure in connection with the absence of the condylar proc- 
ess of the distal extremity of the radius and the much weaker 
first digit, shows a decided inferiority in this part of the pad- 
dle as compared with Mosasaurus and Clidastes. The ulnare, 
the largest, articulates with the ulna, fifth metacarpal, and the 
other three carpals. The mediale articulates with the ulnare, 
radius, and outer distal carpal. The two distal carpals articu- 
late with the second and third metacarpals respectively. 

Tylosaurus. In Tylosaurus there is but a single carpal, a small, 
rounded bone, situated opposite the end of the ulna, and doubt- 
less corresponding to the ulnare. It does not articulate with 
any bone, but was surrounded on all sides by cartilage. 


Metacarpals. 


Clidastes velox. Of the five metacarpals in Clidastes, the first 
is the broadest, the fifth the shortest, and both much flattened. 
The other three are more slender, with expanded extremities 
and constricted shaft. The first is much expanded on the 
proximal extremity, the broadly convex end articulating with 
the radiale, and, together with the next three, permitting very 
free lateral movement. The distal extremity is less expanded 
than the proximal, the end squarely truncate for close union 
with the phalanx. The inner border, thicker than the outer, 
has a shape somewhat like a fish-hook, terminating in an 
acute distal angle of the bone. The outer border is much 
shorter and has a slight convexity at the bottom of the con 
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cavity. The outer distal angle of the bone is broadly rounded. 
The second, third and fourth metacarpals have the proximal 
extremity broadly convex transversely and much expanded ; 
the shaft is constricted beyond the middle into a flattened cyl- 
inder. The distal extremity is moderately expanded and 
squarely truncate. The third isa little shorter than the second, 
the fourth distinctly shorter than the third. The fourth may 
be recognized by the less symmetrical proximal extremity and a 
shallow emargination of the inner border distally. The fifth 
metacarpal is short and flattened. The proximal extremity is 
nearly transverse to the long axis, and but little convex. Its 
position and mode of articulation with the carpus indicate less 
lateral movement than exists in the other metacarpals. The 
distal extremity is much broader, the longer border for the 
articulation of the phalanx placed obliquely to the axis of the 
bone. The inner border is straight or gently concave; the 
outer border is shorter and deeply concave. 


Platecarpus. The metacarpals of Platecarpus are less differen- 
tiated than in Clidastes or Mosasaurus. The first is somewhat 
flattened and is more expanded proximally than the others, its 
proximal articular surface being placed somewhat obliquely to 
the long axis of the bone. The fourth has a slight sigmoid 
curvature, and the fifth is shaped somewhat like the corre- 
sponding bone of Clidastes, with the broader extremity distal. 
The second, third and fourth are more expanded proximally 
than distally, but the discrepancy is not as great as in Clidastes. 
The proximal extremities are not as convex transversely, and 
all the bones are separated more widely by cartilage. 


Tylosaurus. The metacarpals are more slender in Tylosaurus 
than in the other genera. The first is the broadest and stoutest, 
and as long as the second. It is more expanded proximally 
than distally, but not much. The ends are nearly transverse 
to the long axis, and but slightly convex. The inner border is 
more deeply concaye than the outer. The second, third and 
fourth metacarpals are slender bones, scarcely distinguishable 
in shape from the proximal phalanges. They are only moder- 
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ately constricted, and the proximal extremity is but little more 
expanded than the distal, and both but slightly convex. The 
fifth is a broader and shorter bone than the others, divaricate, 
as in the other genera, but with the broader extremity proxi- 
mally. Its proximal articular border is oblique, and the inner 
border is shorter and more deeply concave than the outer. 


Phalanges. 


Clidastes. The phalanges of Clidastes offer distinctive char- 
acters from those of the other genera, which will usually per- 
mit them to be referred to this genus without trouble. They are 
smoother and more sharply truncate at the extremities, the ends 
being flat or even concave. In the first finger there are four, 
more flattened and expanded than in the next three fingers. 
The first is broadly expanded proximally to correspond with the 
distal extremity of the metacarpal. The remaining three of the 
first may be distinguished from those of the next three fingers 
by the outer distal angle being thinned and rounded. In the 
fifth finger there are three; the first is flattened and much ex- 
panded proximally, but is shorter than the corresponding bone 
of the first finger. The second is not three times the length of 
its proximal extremity, and all, like those of the first finger, 
have a distal angle rounded. In the second, third and fourth 
fingers there are four or five phalanges, all of which are rather 
slender, markedly constricted, and with their extremities nearly 
symmetrical. 

Platecarpus. In Platecarpus the phalanges resemble those of 
Clidastes more closely than those of Tylosaurus, and seem to be 
the same in number or but one or two more in the middle fin- 
gers. The bones of the first and fifth fingers are more flattened 
and unsymmetrical than in the other fingers, but less so than 
in Clidastes. In plate xttv is shown a paddle of P. ictericus drawn 
by myself many years ago, as the bones lay in position. 

Tylosaurus. In Tylosaurus the phalanges are more slender 
than in either of the other genera, and much more numerous. 
A specimen in the museum of T. proriger, from which the char- 
acters of the paddles have chiefly been derived, has the front 


WILLISTON. | Mosasaurs. 159 


paddle almost absolutely complete and all the bones, or nearly 
all,in their natural relations. A photograph of the specimen is 
shown in plate xLvii1, and in the accompanying figure is given 
the outline of the bones there concealed, as determined from 
an excavation on the opposite side of the slab. The number of 
phalanges were apparently as follows: I,6; II,9; III, 10; IV, 
11; V,11. The distal one is preserved only in the fifth finger, 
and is, as is seen, very small and imperfect. I am rather in- 
clined to the opinion that the number of phalanges is not 
always absolutely uniform in different individuals, though 
probably varying only within small limits. It will be observed 
that the fifth finger is longer by far than in either Platecarpus 
or Clidastes. It is this specimen in which the remains of the 
skin are preserved, described in the chapter on the restoration. 
Between the phalanges, even to their extremities, traces of the 
skin are found, from which it is evident that the membrane 
connecting them was very thin and pliable and extended fully 
to their tips. Small, scale-like scutes are found as far as the 
metacarpals, beyond which they are wanting everywhere. 

In the plates cited above will be seen what are evidently the 
natural positions of the digits of the front paddles in Plate- 
carpus and Tylosaurus. The restorations of the paddles given by 
Marsh are certainly unnatural and unlifelike. There is a gentle 
curvature of the fingers away from the radial side. While in 
life the fingers were probably less approximated, it is certain 
that the fingers were never spread, fan-like. The first finger 
appears to have been closely approximated to the second, and 
incapable of much divarication, giving support and strength to 
the side of the paddle. In the structure of the paddles espe- 
cially, Tylosawrus is the most specialized of the Mosasaurs, and 
the least lizard-like. The paddles are the most slender, most 
flexible, and relatively smaller and less strong than in the other 
genera. 

Pelvic Girdle and Extremity. 

The pelvic girdle presents more characteristic generic differ- 
ences than do the bones of the pectoral girdle, though in all 
the structure is of the same plan. The rod-like ilium ends ina 
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free, flattened extremity, directed obliquely upwards and for- 
wards in life. Its union with the vertebral column is very weak, 
if there is any union at all. The end probably les in relation 
with the first non-costiferous transverse process, though prob- 
ably without any connection, inasmuch as none of these proc- 
esses shows any special indication of ligamentous attachments. 
The pubis is flattened spatulate at the distal extremity, and, if 
it meets the fellow of the opposite side, the union must be 
slight. The ischium, on the other hand, shows a broad and some- 
what flattened distal extremity of considerable thickness, espe- 
cially in Platecarpus. Doubtless there is a true symphysis here, 
forming a complete pelvic girdle. The pelvis is, relatively to 
the pectoral girdle, the weakest in Clidastes and strongest in 
Tylosaurus. It is, however, absolutely the strongest and best 
developed in Platecarpus of any of the three genera. 


Tliium. 


Clidastes velox. The ilium in this species is a slender, some- 
what flattened, rod-like bone, gently concave along the upper 
border, for most of its length, and correspondingly convex be- 
low. The extremity is flattened, thin, and somewhat roughened. 
At the acetabular end the bone is expanded into a thickened 
head, the anterior border curving suddenly downward, while 
the posterior or upper is gently convex. It has two facets 
of nearly equal length, the posterior one for union with the 
ischium, the anterior for the pubis; a third cupped surface 
forms part of the acetabulum. ‘The side to which the bone be- 
longs may be determined by the outward direction of this face. 
The articulations are more roughened, as they are in all the 
bones of the girdles and extremities, indicating a thicker cover- 
ing of cartilage. 


Platecarpus corypheus. The ilium in this species is more 
thickened and stout than in Clidastes, and the facets at the 
proximal extremity less well marked. The upper or posterior 
border is gently convex, and not sinuous, the convexity greater 
near the acetabular end. 
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Tylosaurus proriger. In this species the shaft of the ilium is 
nearly straight throughout, there being a downward convexity 
toward the acetabular end. The acetabular end is relatively 
stout and broad, and the bone more flattened. 


Pubis. 

Clidastes velox. In Clidastes the pubis is the broadest of the 
pelyic bones. The acetabular end is broadly expanded, with 
three facets, one on either end of the border, uniting in a slight 
angle, for ilium and ischium, the third for the acetabulum near 
the middle and directed outwardly. Below the thickened end 
there is a moderately constricted, flattened neck, in front of the 
middle of which is the small pubic foramen. Below this, and 
directed forward, there is an obtuse, flattened process. Below 
this process the narrow, flattened shaft of the bone is directed 
downward into a flattened, somewhat spatulate blade, moder- 
ately expanded and slightly thickened at the extremity. The . 
bone is shorter than the ilium and of about the same length as 
the ischium. 


Platecarpus. The pubis in Platecarpus is intermediate in shape 
between that of Clidastes and that of Tylosaurus. The anterior 
process exists as a thicker and slightly prominent projection 
close to the head of the bone. The shaft is placed less obliquely 
to the long axis of the bone, is thicker and longer, and is con- 
siderably expanded distally. The anterior border is thinner 
than the posterior, nearly straight below the process. The 
posterior border is thick and concave, the thickened portion of 
the shaft lying on this side. The distal extremity is thinned on 
the front part, considerably thickened for the ventral symphysis 
on the posterior. Internally the bone is flattened longi- 
tudinally. Externally it is concave on the upper part trans- 
versely. The thickened head for articulation with the ischium 
is directed upward and backward, the acetabular surface back 
of the middle is turned outward. The pubic process anteriorly 
is thickened at its extremity, its oval elongate face for cartilage 
turned somewhat outward and connected with the cartilagi- 
nous surface of the upper part by a narrow neck. 
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Tylosaurus proriger. The pubis of Tylosaurus may be at once 
distinguished from the same bone in the other genera by the 
entire absence of the pubic process. The bone also is relatively 
shorter and less expanded distally. The front border has a 
gentle convexity from the iliac angle to beyond the middle, 
whence the margin is more nearly straight to the extremity. 
The iliac and ischiac borders occupy each about half of the upper 
end and meet in a slight angle. The posterior border is gently 
concave or nearly straight throughout nearly the whole extent. 


Ischium. 


Clidastes velox. ‘The ischium of Clidastes has a moderately 
constricted neck, placed at a strong angle with the long axis of 
the bone; a prominent, thinned tuberosity directed directly 
backward, near the upper end of the bone, and separated by a 
shallow concavity from the acetabular surface; and a stout, 
_ thickened and expanded symphysis below. The articular sur- 
face for the pubis is nearly parallel with the long axis, and 
nearly at right angles with that for the ilium. 


The Platecarpus ischium differs markedly from that of either of 
the other genera. The ischial tuberosity is small, the pubic face 
is more oblique to the long axis, and the distal extremity is greatly 
dilated into a long,.angular projection anteriorly. The distal 
extremity when seen from the end presents a shallow, V-shaped 
figure, with the pubic border much longer and thinner, the pos- 
terior border very stout and thick. The bones evidently meet 
in a very firm and broad symphysis. From without the bone 
presents a long, obtuse ridge with the sides shallowly concave. 
On the inner side there is a corresponding depression. 

Tylosaurus proriger. In Tylosaurus the bone is less stout than 
in Platecarpus, and resembles that of Clidastes more nearly, dif- 
fering chiefly in the broader blade below, with a broader ex- 
tremity and less constricted shaft above. The spinous process 
is more pronounced and is tipped with cartilage. A rather 
pronounced ridge runs from the uppermost, posterior angle 
downwards on the inner side, to become continuous with the in- 
flected anterior border of the bone on the lower half. Back of 
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this the surface is concave above, more strongly so below. The 
blade of the bone below on the outer side is correspondingly 
convex. 

‘Femur. 

Clidastes. The femur of Clidastes is a relatively small, rather 
slender bone. The head is moderately expanded, transverse, 
with an oval, convex, articular surface. The trochanter, situ- 
ated on the tibial side, is stout, prominent, directed nearly up- 
ward, with the large oval extremity tipped with cartilage, and 
narrowly separated from the articular surface of the head by a 
slender neck. The stout, rounded ridge of the trochanter ex- 
tends below the middle of the bone. The distal extremity is 
more expanded than the proximal. It has a broad, thickened 
articular surface for the tibia, and a smaller, thinner and ob- 
lique one for the fibula. The tibial border is thickly rounded 
and gently concave throughout. The shorter and thinner fibu- 
lar border ends in the thinner rounded lateral expansions above 
and below. 


Platecarpus. The femur in Platecarpus is much like that of 
Clidastes. The trochanter is hardly as large, the extremities a 
little more dilated, the fibular angles a little less rounded. The 
distal extremity is more expanded. 

Tylosaurus proriger. In Tylosaurus the femur is more slender 
than in either of the other genera, but the differences from 
Platecarpus are not great. The lower extremity is more ex- 
panded and convex, the sides more deeply concave, of nearly 
equal depth and length. The sides meet the lower border in 
an acute angle, lacking the slight convexity of Platecarpus and 
the marked convexity of Clidastes. The head of the trochanter 
stands a little lower down on the bone, and its coarse pitting 
for cartilage is less distinctly separated from the articular sur- 


face of the head by the smooth neck. The bone is nearly bilater- 
ally symmetrical, except the lateral position of the trochanter. 
In both Clidastes and Platecarpus the bone is markedly unsym- 
metrical, the greater flattening and deeper concavity being on 
the fibular side. 


13—1v 
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Tibia. 

Clidastes velox. The tibia is a moderately stout bone, articu- 
lating proximally by a thickened, oval face with the thickened 
articular facet of the femur. It is more flattened and expanded 
distally than proximally. The outer border is thick androunded, 
and concave longitudinally from near the proximal angle quite 
to the distal articular face, which it meets in an acute angle. 
The outer border is thin and moderately deeply concave near 
the middle, the proximal end convex in outline, the distal end 
meeting the long convexity of the distal border in an obscure 
angle. The thickened face for the tarsal is on the inner third 
of the distal border, and is placed obliquely to the long axis. 
The articular surface is cupped and oval in outline. 

Platecarpus. The tibia of Platecarpus resembles that of Cli- 
dastes more than that of Tylosaurus. It is more flattened than 
in Clidastes, less than in Tylosaurus. Its outer border is less 
deeply concave than in Clidastes; the articular facet for the tar- 
sal is smaller, the inner border is longer and less deeply con- 
cave, almost wholly lacking the convex flattened expansion 
proximally. The curvature of the distal border does not extend 
as far proximally. 

Tylosaurus proriger. The tibia in Tylosaurus is an exceedingly 
broad, flattened bone, the width of the distal extremity being 
nearly as great as the length. The outer border is gently con- 
cave throughout, while the free, inner, thin border is confined 
to ashallow notch on the proximal half. The outer distal angle 
is broadly rounded, as in Clidastes, the proximal] less so. The 
proximal border is nearly straight transversely, while the distal 
is gently convex. There is no facet for a tarsal bone. 


Fibula. 


Clidastes. The fibula in Clidastes is characteristic. It is a 
small slender bone, with the distal extremity expanded fan- 
shape. The outer border is the thicker, concave throughout, 
the concavity deepest beyond the middle, the border meeting 
each end in nearly a rectangle. The inner side is also concave, 
the concavity deepest near the middle. The distal extremity is 
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transyerse in the middle, rounded on either side. The inner 
part has a short, thickened facet for articulation with the large 
tarsal bone. The middle portion is somewhat thinner and has 
a facet for union with one of the smaller tarsals. The outer 
part of the border gives attachment to cartilage and meets the 
lateral border in an obtuse angle. The proximal end is oval in 
cross-section, the articulation placed obliquely to the long axis, 
with the inner angle rounded. 

Platecarpus. The fibula of Platecarpus is not unlike the cor- 
responding bone of Clidastes, but is less expanded distally and 
more symmetrical. The outer border is moderately and nearly 
evenly concave throughout. The inner border is more deeply 
concave, with its end slightly convex. The proximal end of the 
bone is about two-thirds the width of the distal and is nearly 
transverse. The distal end is somewhat oblique, the inner 
angle expanded. There is a small facet near the outer end of 
the border for the tarsal. 


Tylosaurus proriger. The fibula in this genus is very small in 
proportion to the tibia, its extremities but little expanded. The 
lower extremity is expanded more than the upper; the sides are 
concave, with the greater concavity on the inner side. 


Tarsus. 


Clidastes. Of Clidastes velox there is but a single tarsal bone 
preserved. Of C. westii there are three or four. The largest is 
the one articulating with tibia and fibula. The broader tibial 
extremity has in the proximal side a large oval facet for the tibia, 
immediately internal to which the bone is directed proximad, 
with a free oval border to the distal external angle of the fibula. 
Nearly at right angles to this free border there is an oval articu- 
lating facet for the fibula. The outer and distal border is 
rounded and apparently articulates with no bones. On the in- 
ner side there are two articular facets, indistinctly separated for 
the smaller tarsal bones. These two bones, in C. westii, resem- 
ble very much the distal carpals. They are irregularly four- or 
five-sided, the proximal one articulating with the fibula, the 
outer and distal tarsals, and in part with the fifth metacarpal. 
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The distal one, a little smaller, articulates with the two tarsals 
and the metatarsal. The structure of the hind paddle in Cli- 
dastes is undoubtedly like that of Mosasawrus. See pl. xxx1, f. 8. 

Platecarpus. The three tarsals preserved in Platecarpus show 
much resemblance to those of Clidastes. The largest is more 
nearly circular, with a short, deep, free notch separating the tibial 
and fibular faces, that of the tibia the larger and thicker. The 
outer border is thickened and rounded ; the distal and inner side 
shows two or three facets for the smaller bones. These bones are 
proportionately smaller than in Clidastes. The proximal one, 
articulating as in Clidastes, is the smaller, and is broader from 
side to side than the length; the other is irregularly five-sided 
and its diameters nearly equal; its articulations are as in 
Clidastes. 

Tylosaurus proriger. In Tylosaurus there is but a single tarsal 
bone, small and rounded. It probably represents the largest of 
the bones of Clidastes and Platecarpus and is set in cartilage op- 
posite and between the ends of the two leg bones. 


Metatarsals. 


No part of the Mosasaur skeleton is known so imperfectly as 
the digits of the hind extremity. Of Clidastes, all that is known 
with certainty are the first and fifth metatarsals and isolated 
phalanges. Platecarpus and Tylosaurus are better known, still 
not completely. - 

Clidastes. The first metatarsal in C. velox is broadly and ob- 
liquely expanded proximally, the angles rounded. The distal 
extremity is much narrower and the border rectangular, with the 
outer angle rounded. The inner border is thicker than the outer 
and more deeply concave, ending more or less acutely. The fifth 
metatarsal in C. westii is a somewhat disk-shaped bone, with 
one side concaye. The proximal and distal ends are thickened 
for articulation or cartilage. The proximal border is thin and 
semicircular. The distal border is thickened and rounded and 
concave. The bone evidently articulates proximally with the 
two smaller tarsals. Whether there is a phalanx articulating 
with it distally is not known, but probably not. 


hte, oy, 


Hind paddle of Platecarpus corypheus, in part after Marsh. 
F, femur; 7, tibia; Fi, fibula; Ta, tarsals; Imt-—Vmet, 
first-fifth metatarsals; /-V, first-fifth digits. 
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Platecarpus. The metatarsals of Platecarpus are better known 
than those of Clidastes. The first is the most expanded at the 
base; the second, third and fourth less so, resembling the pha- 
langes. The fifth is most characteristic; it is thin and flat- 
tened, with the proximal extremity much expanded, gently 
convex and a little oblique. The distal or outer border is more 
thickened than the opposite, and is concave throughout. The 
inner or proximal border is thin and slightly concave from the 
prominent flattened rounded proximal angle. The distal ex- 
tremity is less than half the width of the proximal, and is only 
moderately thickened. It is slightly oblique to the long axis 
of the bone. 


Tylosaurus proriger. In Tylosawrus the first and apparently 
the fourth metatarsals are nearly symmetrical bones, with the 
base broadly expanded and convex in outline. The fifth is 
very much smaller—smaller relatively than in Platecarpus, 
which it resembles. It is shorter than in that genus, the ex- 
tremities more oblique. The proximal articular surface is 
placed at an angle of about forty-five degrees with the long axis 
of the bone. The outer border is short and deeply concave, and 
thicker than the inner border. The latter is thin, short, and 
shallowly concave between the broadly rounded angles. The 
distal extremity is only a little narrower than the proximal; it 
is gently convex, and nearly transverse to the long axis of the 
bone. The bone is not twice as long as wide. 


Phalanges. 


Cirdastes. The phalanges in this genus are of the same gen- 
eral character as those of the hand. Nothing is known of their 
number and arrangement. In all probability the digits are of 
a length similar to that in the hand. 


Platecarpus. The number of phalanges in the first and fifth 
toes is probably four, and in the other toes five or six. In their 
general character they resemble those of the front foot. 

Tylosaurus. The best information we have concerning the 
hind paddle of this genus is the specimen of which a photo- 
graphic illustration is given (plate Lt). In all probability 
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there were about five phalanges in the first and fifth toes, and 
eight or nine in the others. The phalanges are more slender in 
this form than in the others, and somewhat less constricted. 
The fifth digit is evidently divaricated, and undergoing reduc- 
tion, in both of which characters it differs from that of the 
front foot. A restoration of the paddle, as I think it should be, 
will be found in the restoration of Tylosaurus. 


SYSTEMATIC DESCRIPTIONS. 


For the sake of completeness and clearness I give herewith 
the group and generic descriptions of the known European and 
American Mosasaurs, rather briefly, however, save for the 
Kansas forms. 

The determination of the species described by early authors 
is in large part clearly impossible in the absence of the type 
specimens. Species after species have been named, based largely 
or entirely upon mechanical distortions and mutilations. The 
conditions of petrifaction in the Niobrara seas were such that 
the bones of these animals are rarely preserved in their natural 
shape. Vertebre are almost invariably flattened, and, if pre- 
served in a vertical position, the bones are depressed; if in a 
horizontal position, compressed. This distortion is not readily 
perceived in many specimens, as cracks and breaks are usually 
wanting, the bones haying yielded, as though of a plastic ma- 
terial. For this reason, very little or no dependence can be 
placed upon the shape of the centra. In fact, the centra in all 
the forms appear to have greatly resembled each other in shape 
during life—a rounded or slightly depressed shape in the cervical 
region, a more depressed or transversely oval in the dorsal, a 
subpentagonal or pyriform shape in the pygal, and a vertical 
oval inthe caudalregion. Just what is the norm of each genus 
or species it is difficult to say, and will always remain more 
or less of a problem. For this reason I have entirely ignored 
this character in the specific determinations. 

In the restoration of the skull of the different genera a vast 
deal of study has been necessary to correct the malformations 
due to fossilization, the skulls fossilized in different positions 
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having been thoroughly studied, and all compared with the po- 
sitions of the different bones in the perfectly preserved and un- 
distorted skull of Mosasawrus horridus from the Fort Pierre. 
That all errors have been avoided in the restorations I cannot 
hope for; I am confident, however, that they have been re- 
duced to a minimum. The limb bones are invariably flattened, 
and rarely agree exactly. If one takes into account these differ- 
ences, scarcely ever will any two specimens be found alike; if 
one ignores them four-fifths of all the described species must be 
abandoned. 


MOSASAURIA. 


Pythonomorpha Cope, Proc. Bost. Soc. Nat. Hist., 1869, p. 253. 


Large marine reptiles, varying in length between five and 
forty feet. Limbs wholly natatory, webbed to the extremity of 
the digits, and without claws, the phalanges often numerous, 
the arm and leg bones short and broad, and incapable of rota- 
tion upon each other, or so to a limited extent only. Pectoral 
girdle composed of scapula, coracoid, and(in some cases) an in- 
terclavicle, the clavicle never present. Sternum, when present, 
calcified. No sacrum; the anteriorly directed, rod-like ilium 
feebly or not at all united to the vertebral column. Pubes and 
ischii united in a ventral symphysis. Vertebrz procclous, 
from 115 to 150(?) innumber. Cervical vertebree seven in num- 
ber, the first five or six with an articulated hypapophysis. Tho- 
racic ribs not more than fifteen in number, single headed, 
attached to a stout diapophysis springing from the centrum. 
All the precaudal vertebra, except the atlas, costiferous. Zyg- 
apophyses stout and strong anteriorly, becoming obsolete at 
the beginning of the tail, Tail elongate, as long as the pre- 
caudal series of vertebrae, more or less compressed, with 
elongated chevrons, save at the basal part, and with diapophy- 
ses anteriorly. Premaxillaries united with each other and with 
the coossified nasals. Frontal and parietal bones unpaired. A 
large pineal foramen present. Parietal with decurved, wing- 
like processes for union with petrosal and supraoccipital. 
Jugal arch complete. Temporal arch composed of squamosal, 
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prosquamosal, and post-frontal. A complete parieto-squamosal 
arch present. Paroccipital united with exoccipital (?). Quad- 
rate large, free, with a large suprastapedial process, articulating 
proximally with prosquamosal, squamosal, and sometimes with 
the exoccipital (paroccipital). Transverse bone small, articu- 
lating with pterygoid and jugal only. Pterygoids elongate, ap- 
proximated in front and behind, but not contiguous, united by 
ligament to the quadrate, and provided with numerous teeth. 
Palatines small, without teeth. A ball-and-socket joint between 
splenial and presplenial. Skull elongated and narrow. 


Mosasauridé. 


Mosasauridce Gervais, 1853. 

Clidastidce Cope, Proc. Bost. Soc. Nat. Hist., 1869. 
Tylosauridce Marsh, Amer. Journ. Sci., x11, July, 1876. 
Edestosauridce Marsh, Amer. Journ. Sci., xxi, p. 55, 1878. 


TYLOSAURIN ©. 
Tylosaurine Williston, Kans. Univ. Quart., v1, A, 180, 1897. 


Hind feet functionally pentedactylate. ‘Trunk short, the tail 
proportionally long, not dilated distally. Tarsus and carpus 
almost wholly unossified, the phalanges numerous. Vertebre 
wholly without zygosphene, or, at the most, very rudimentary. 
Premaxillary projecting into a long rostrum in front of the 
teeth. Quadrate with a short suprastapedial process. 


Tylosaurus. 


? Macrosaurus Owen, Journ. Geol. Soc. Lond., 1859, 380. 

? Lesticodus Leidy, Proc. Amer. Phil. Soc., vii, 10, 1859. 

? Nectoportheus Cope, Proc. Amer. Phil. Soc., 1868, 181. 

Fhinosaurus Marsh, Amer. Journ. Sci., 111, 461, June, 1872 ( preoc.) 

Rhamphosaurus Cope, Proc. Acad. Nat. Sci. Phil., 1872, 141 (preoc.) 

Tylosaurus Marsh, Amer. Journ. Sci., 1v, 147, 1872. 

Moderate to large sized species. Rostrum much produced, 
the nares situated far back. Facial surface of the parietal pro- 
duced to the posterior part in the middle, the sides nearly par- 
allel. Postfrontal and prefrontal meeting on the superior 
orbital border. Prefrontal not expanded on the facial plane 
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over the orbit. Quadrate with a short suprastapedial process. 
Humerus not broad, the proximal end angulated, the distal end 
without radial process. Ulna and radius slender. A single 
carpal or tarsal bone present, not articulating with the adjacent 
bones. Phalanges very numerous, the fifth finger not reduced. 
Hind limbs as large as the anterior. Spines of caudal verte- 
bree not elongated before the distal end. Thoracic vertebre 
twelve to thirteen in number, the lumbo-dorsals about ten, the 
pygal caudals five; whole number of vertebre not exceeding 
120; no zygosphene. Coracoid not emarginate. 

The rightful name of this genus cannot be determined until 
more is known about the forms described from incomplete ma- 
terial from New Jersey. It is altogether likely that Nectopor- 
theus is the same, and it is possible that Macrosaurus and 
Lesticodus are. In this uncertainty Tylosaurus may be retained 
for the present. 

Macrosaurus levis Owen, was proposed for a genus and species 
represented by two dorsal vertebree from the Green sand of New 
Jersey. Leidy (Cretaceous Reptilia, 75) referred other remains to 
the same species, but with the remark, ‘‘ I cannot avoid the sus- 
picion that both the specimens in question and those described 
by the high authority just mentioned [Owen] really appertain 
to a dorsal series of Mosasaurus.’? The vertebre figured by 
Leidy seem to resemble those Kansas forms referred to Tylo- 
saurus, but inasmuch as the genus is distinguished with difficulty 
by the vertebree alone it would be hazardous to say with any 
degree of certainty that they are really the same. Cope, in 1870 
(Extinct Batrachia, etc.), referred certain bones to this same 
species under the name Liodon. In the plates of the same work 
he figured two or three vertebre over the name of L. validus, 
referred to L. /xvis in the text, and to Clidastes antivalidus in 
the explanation of the plates. The different names that he 
used are sufficient evidence of his uncertainty. 

In the Proceedings of the Boston Society of Natural History 
for 1869, p. 260, Cope says of Macrosaurus: ‘‘This genus has 
undoubted relationships to Clidastes; I haye observed in a few 
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of its vertebre traces of a notch, which, in the latter, separate 
the zygosphene from the zygapophyses. Unfortunately other 
portions of the genus are unknown.’’ 

Lesticodus was given by Leidy to a species (L. impar) repre- 
sented by teeth and portions of the jaws, and was afterwards 
abandoned by him. Cope evidently believed that the genus 
was the same as Jiodon Cope. 

Nectoportheus Cope was:based upon Liodon validus (olim Macro- 
saurus) and was characterized by him as follows ( Extinct Ba- 
trachia, etc., 208): ‘‘The posterior dorsals are so much more 
depressed than in Jiodon levis, that future discovery may 
justify the generic separation of the genus Nectoportheus, which 
I originally applied to this animal.’’ In his Cretaceous Verte- 
brata (p. 160) he says: ‘‘The typical species of this genus 
(Liodon anceps Owen) is very little known, but few remains 
haying been obtained from the English Chalk, its locality and 
horizon. Numerous North American species resemble it in the 
forms of the crown of the teeth, and it is probable, though un- 
certain, that they agree in other respects also. Several names 
have been proposed for our species, the earliest of which is 
Macrosaurus Owen. This name applies to species with com- 
pressed dorsal vertebre, as L. levis and L. mitchelii, both from 
the New Jersey Greensand. For species with the depressed 
dorsal yertebre, as L. validus from New Jersey, L. perlatus from 
New Jersey, and L. proriger from Kansas, the name Necto- 
portheus was proposed and briefly characterized.”’ 

The definition of Tylosawrus (Rhinosaurus) was explicit and 
exact, leaving no doubt of the genus to which it was intended 


to apply. 
Tylosaurus proriger. 

Macrosaurus proriger Cope, Proc. Acad. Nat. Sci. Phil., 1869, p. 163; 
Ext. Batrachia, etc., pl. x11, ff. 22-24. 

Liodon proriger Cope, Ext. Batrachia, etc., 202, Cret. Vert., 161, pl. xxv11, 
ii, fer, G2 20-645 Tit, I EIBIE So0.4ne fin) 9 >-0,6-\yanie aig i(oy 

Rhinosaurus proriger Marsh, Amer. Journ. Sci., June, 1872. 

Rhamphosaurus proriger Cope, Proc. Acad. Nat. Sci. Phil., 1872, p. 41. 

Tylosaurus proriger Leidy, Ext. Vert. Fauna West. Terr., 274, 344, pl. 
xxxv, ff. 12, 13; xxxvi, ff. 1-3. Merriam, Ueber die Pyth. der Kans.- 
Hee 14. Williston, Kans. Univ. Quart., v1, 98, pls. rx—-x11; 107, pl. x111; 
Lid; ple ex, 
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This species was the first of the Mosasaurs described from 
Kansas. ‘‘The original description was based upon material 
in the Museum of Comparative Zoology, Cambridge, Mass., 
brought by Prof. Louis Agassiz from the Cretaceous beds in 
the neighborhood of Monument, Kan., and near the line of the 
Kansas Pacific road.’’ The locality thus given by Cope is not 
exact. The specimen was undoubtedly found in the yicinity of 
Monument Rocks, the old overland stage station, which is not 
near the railroad, while the station, Monument, is not near any 
Cretaceous outcrops. The species is the most common of this 
genus, and has been found at nearly all horizons in the Nio- 
brara beds. The characters of the species have been fully 
given in the preceding descriptions, and need not be repeated 
iene: 

Tylosaurus dyspelor. 


Liodon dyspelor Cope, Proc. Amer. Phil. Soc., 1870, p. 574; 1871; Cret. 
Vert., 167, pls. xxviit, ff. 1-7; xxIx, XXxXIII. 
Rhinosaurus dyspelor Marsh, Amer. Journ. Sci., June, 1872. 


Tylosaurus dyspelor Leidy, Ext. Vert. Faana West. Terr., 271, pl. xxxv, 
ff. 1-11; Merriam, Ueber die Pyth. der Kans.-Kreide, 14. 


This species, the largest of the Kansas Mosasaurs, was origi- 
nally described from a specimen obtained from the Niobrara 
chalk near Fort McRae, N. M. It is the only species of the 
group found in Kansas that is known to occur elsewhere. 

The differences that Cope gives for the species are as follows: 
‘‘The palatine bones are more slender anteriorly, and the outer 
edge descends lowest in a ridge; in L. proriger, the inner is pro- 
duced downward as a longitudinal rib. In this species there are 
eleven teeth ; inthatone,nine. The quadrate bone of L. proriger 
presents a longer internal angle, and more prominent internal 
ridge, with smaller space inclosed by the basis of the great ala.’’ 
These characters are not correct. The ‘‘palatines,’’ 2. e¢., the 
pterygoids, are quite alike anteriorly. In a specimen of T. dys- 
pelor I count eleven teeth, as stated by Cope; in two specimens 
of T. proriger I find ten teeth, and I do not-doubt but that in 
others there may be eleven, or that in specimens of T. dyspelor 
there may not be more thanten. This variation is also affirmed 
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by Merriam. The following specific differences are given by 
Merriam : 

(1) The mandible, which is not truncated at the tip, but rounded and narrow. 
(2) The basioccipital, whose hypapophyses are not so strongly compressed, and, 
parallel to the longitudinal axis of the head, are scarcely half as broad as in 7’. 
proriger and T. micromus. (3) The pterygoids send out the transverse process 
in the vicinity of the sixth tooth. (4) The maxillary teeth, which are rounder, 
with almost no facets on the outer side or striations, while the inner side shows 
a strong striation. 

(1) In two pairs of mandibles of each species I can distin- 
guish no differences in the front end. (2) I can distinguish no 
differences in the shape of the hypapophyses that are not due to 
post-mortem origin. (3) In the pterygoids of 7’. dyspelor the 
two bones of one skull send off the transverse process opposite 
the seventh and eighth teeth, precisely where they are in T. 
proriger. (4) The teeth of T. dyspelor seem stouter, and possi- 
bly the characters given may be correct, but 1am in doubt. I 
cannot find characters about which I feel assured. Neverthe- 
less, there can be no doubt but what the two species are distinct. 
At present, however, this distinction must rest chiefly upon the 
very much greater size of 7. dyspelor, rather than upon struc- 
tural characters. Here, as so commonly elsewhere, the specific 
characters have been generally obliterated by the compression 
and distortion of the bones. The skull of 7. dyspelor measures 
forty inches in length from the tip of the rostrum to the con- 
dyle, and the mandible is forty-eight inches long. The quad- 
rate has a length of seven inches. 


Tylosaurus micromus. 


Tthinosaurus micromus Marsh, Amer. Journ. Sci., June, 1872, pl. x11, 
i 


Liodon micromus Cope, Cret. Vert., 271. 
Tylosaurus micromus Merriam, Ueber die Pyth., etc., 24, pl. 1, f. 3. 


Scarcely any of the original characters given by the author , 
of this species are valid. In 7. proriger, ‘‘ which is three or four 
times larger than the present species, the cervical vertebre 
have vertically ovate articular faces,’’ while in T. micromus 
“‘the cervical vertebre have the articular faces but slightly 
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transyerse.’’ As the cervical vertebree of all the species have 
the faces ‘‘ slightly transverse,’’ this character is not good for 
much. Merriam, 1.c., who believed that he had identified this 
species, says that it is distinguished from T. dyspelor and T. 
proriger ‘‘ by its smaller size, by the more lightly formed bones 
of the skeleton, and by the shape of the quadrate, which has a 
somewhat longer suprastapedial process, and a larger stapedial 
groove, and on the upper, inner angle is not so acute.”’ 


Tylosaurus nepzeolicus. 


Liodon nepceolicus Cope, Hayden’s Bull. U. S. Geol. Surv. of the Terr., 
1874, p. 37; Cret. Vert., 177, 271, pl. xxxv, ff. 11-13. 


This was based upon the mandible and parts of the maxilla 
and premaxilla, the quadrate, a dorsal vertebra, etc. ‘‘It is 
about the same size as 7’. micromus Marsh, but is much more 
like the T. proriger in character. As compared with 7. micro- 
mus, this species differs in the much less attenuated premaxil- 
lary and maxillary bones, the anterior nostril, and absence of 
facets on the crowns of the teeth; from 7’. proriger, in the 
absence of narrow concave facets on the anterior teeth, and an- 
terior position of the nostril; from 7’. dyspelor, in the less com- 
pressed or less knife-shaped dental crowns, and totally different 
form of the condyle of the quadrate. The total length of the 
jaw was twenty-six inches—the length of the quadrate about 
three inches and a half.’’ 7 

The characters given—such as may be valid—are altogether 
too slight to distinguish the species, and I do not believe that T. 
nepxolicus is entitled to recognition. 

There is a very small specimen of a Tylosaurus in the museum 
collection, which may possibly belong to either this or the pre- 
ceding species, but I believe that it is only the young of T. pro- 
riger. ‘The humerus measures but three inches in length, the 
pubis five. The shape of various bones, especially the pelvic 
ones, is different from those of the other specimens, and, were 
one to depend upon such characters, it would be easy to con- 
struct a species. The bones show much compression; they 
were evidently more largely composed of organic matter than 
are the bones usually —a condition expected of young animals. 
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Hainosaurus. 


Hainosaurus Dollo, Premiere Note sur le Hainosaure, mosasaurien nou- 
veau de la craie brune phosphatee de Mesvin-Cipley, Bull. Mus. Roy. Hist. 
Nat. Belg., 1885, 11, p. 297. 

Rostrum much prolonged in frontof the teeth. Suprastapedial 
process of quadrate short. Frontal broad, the prefrontal and 
postfrontal touching each other. Carpals reduced in number. 
Typical species, Hainosaurus bernardi Dollo, loc. cit. 

This genus is very closely allied to Tylosaurus. The phalan- 
ges of the front feet are not as numerous, and the paddle is 
relatively larger. There are, apparently, more numerous dorso- 
lumbar vertebre. Like Tylosawrus, it includes some of the 
largest species of the Mosasaurs. 


PLATECARPIN 2. 
Platecarpine Williston, Kans. Univ. Quart., viz, A, 181, 1897. 


Hind limbs functionally pentedactylate. Trunk short; the 
tail proportionally long, not dilated distally. Carpus and 
tarsus imperfectly ossified. Vertebree with rudimentary or 
functional (?) zygosphene. Premaxillary not projecting be- 
yond the teeth, very obtuse. Quadrate large, with a long 
suprastapedial process, not united to infrastapedial process. 


Platecarpus. 

Holcodus Gibbes, Smiths. Contr., 11, p. 9, 1850. 

Platecarpus Cope, Proc. Bost. Soc. Nat. Hist., x11, 1869, p. 264. 

Lestosaurus Marsh, Amer. Journ. Sci., June, 1872. 

Medium-sized ‘Mosasaurs. Premaxillary short and obtuse, 
projecting very slightly beyond the teeth. ‘Teeth slender, and 
recurved, faceted upon the outer side and striate on the inner. 
Nares much dilated anteriorly, situated forward. Frontal 
emarginated in the middle behind ; pineal foramen large, situ- 
ated near the frontal suture. Facial surface of parietal small, 
triangular in shape, the apex not extending beyond the middle 
of the bone. Prosquamosal with a dilated wing-like process 
above. Quadrate large, with a large suprastapedial process, 
reaching below the middle of the bone. Expanded portion of 
palatine short. Coronoid short and not prominent. Zygo- 
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sphenes of vertebree rudimentary. Cervical vertebra seven in 
number. Thoracic vertebre not more than fifteen in number, 
lumbo-dorsals nine or ten; pygial caudals five or six; cheyrons 
large, articulated ; spines of caudals regular in length. Limbs 
relatively large ; arm and leg bones short and expanded; three 
or four carpal or tarsal bones present, closely articulating ; 
pollex and hallux shorter than the fourth digit, divaricated. 
Coracoid with a deep emargination. Pelvic bones large; is- 
chium much expanded distally; pubis without antero-proximal 
process. 

The genus Holcodus Gibbes was proposed ‘for the reception of 
a species supposed by him to be represented by three teeth from 
Alabama, South Carolina, and New Jersey. Two of these were 
figured in his work (pl. 11, ff. 6-9), with the following de- 
scription: ‘‘ They are solid, and resemble in their pyramidal 
form those of Mosasaurus hoffmani antero-posteriorly, the divid- 
ing ridges making the anterior and posterior surfaces equal, 
and they are both convex. They are also acutely pointed. In 
Mosasaurus the outer surface is plane or nearly so, and both 
have longitudinal narrow planes near the base. . . . In 
the teeth under notice, on the outer half are many planes, al- 
most grooves, and also on the inner face, which is peculiarly 
striated toward the base. As the striated character is a struc- 
tural distinction, the name Holcodus is given to the genus, and 
that of acutidens to the species.’’ Professor Leidy afterward” 
showed that only the tooth from Alabama belonged to a Mosa- 
sauroid, the one from New Jersey being that of a crocodile 
(Typosaurus). He describes Gibbes’s type as follows (op. cit.) : 
‘‘The specimen has the enameled crown three-fourths of an 
inch in length. The base is elliptical in transverse section, 
and measures five lines antero-posteriorly, and four lines trans- 
versely. The crown is nearly equally divided by acute ridges, 
which are imperfect in the specimen, but appear not to have 
been denticulated. The surfaces are subdivided into narrow, 
slightly depressed planes, and the inner one is strongly striate 


56. Cretaceous Reptiles of the United States, p. 32, foot;note. 
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at the base.’’ He is inclined to refer the tooth to Mosasawrus, 
a view in which Marsh coincides after examination of the type.” 

I cannot agree with these authors. Whatever the tooth may 
be, it is not that of a Mosasaurus. Professor Cope erected the 
genus Platecarpus for a species which Leidy had previously re- 
ferred to Holcodus, under the name tympaniticus. The specimen 
which he described was from Mississippi. Later Cope applied 
the name Holcodus to two species from Kansas (H. coryphxus and 
H. ictericus), but which he later placed in Platecarpus, after the 
name Lestosaurus had been given to the genus represented by 
them. In his Cretaceous Vertebrata (p. 141) he says: ‘‘ The 
teeth of the Kansas species referred to it are somewhat similar in 
character to those described by Gibbes; but it is evident that 
the latter belonged to a different animal more nearly allied to 
the true Mosasaurus.’’? Of Platecarpus tympaniticus very little of 
the skeleton has been described, and the tail is not yet known. 
At one time (Ext. Batr., etc.) Cope stated that the tail verte- 
bree of Platecarpus had coossified chevrons, upon what authority 
I cannot learn. Marsh based the distinction of Lestosawrus 
largely upon that character, apparently following Cope. The 
quadrate of P. tympaniticus, as figured by Cope, certainly looks 
very much like that bone of the Kansas species, and the quad- 
rate in this genus is a very characteristic bone. These questions 
then, are to be settled before the name Platecarpus can be finally 
accepted for the Kansasforms: [First, is the typical Platecarpus 
identical with the Holcodus? I believe that itis. The teeth of 
the Kansas forms agree perfectly with Leidy’s description and 
figure of the type specimen of Holcodus. Second, is P. tympan- 
iticus congeneric with the Kansas species placed in this genus? 
This also appears to be true, but it is by no means yet proven. 
If both propositions are true, our species must be known as 
Holcodus. If the latter only is true, Platecarpus will be retained ; 
while if the former is alone true, the name Lestosawrus will take 
precedence. It is a pity that little or nothing has been added 
to our knowledge of the southern and eastern species of this 


57. American Jour. Sci., June, 1872. 
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group within the last twenty years. Perhaps we may expect 
more definite knowledge concerning them in the immediate fu- 
ture. There is no inherent improbability that the Alabama or 
Mississippi species are not congeneric with the western ones, in- 
asmuch as we know positively that one genus at least, Clidastes, 
does occur in all these regions, and it does not seem at all un- 
likely that all of them are common to the different horizons. 


? Platecarpus crassartus. 


Liodon crassartus Cope, Proc. Amer. Phil. Soc., 1871, 168. 
Platecarpus crassartus Cope, Cret. Vert., 153, 268, pl. xxv, ff. 4, 12. 


This species is known only from Cope’s description. Its lo- 
cality is given from Eagle Tail, in Colorado. The fact is, how- 
ever, that the locality whence it was discovered is within the 
borders of Kansas. I visited the precise place of its discovery 
in company with Professor Mudge, who discovered it many 
years ago. The horizon is not Niobrara, but clearly Fort Pierre. 
The species does not belong in the genus Platecarpus ; of that I 
feel confident. It evidently has strong relationships with 
Brachysaurus, and I would have referred it to that genus save 
for the free cheyrons. As itis, lam not sure but that it may 
belong there, or perhaps better in Prognathosaurus Dollo. 

The peculiar robust condition of the bones is not, however, 
the most characteristic peculiarity of the species. Bones 
wherever found in the Fort Pierre invariably have a solidity 
and thickness never seen in the specimens from the Niobrara. 
I am confident that the limb bones of the various forms known 
from the Niobrara had the general robustness seen in this, but 
have always been flattened and compressed in fossilization. 
Better characters are found in their shape. Especially is the 
relative size of the limb bones and vertebre different from that 
in Platecarpus, the limbs being evidently much smaller. Copies 
of the principal figures given by Cope are reproduced in plate 
XLV, which will enable the species to be again recognized. 
I have no doubt but that future discovery will bring to light 
much better specimens of this species from the Fort Pierre out- 
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crops in Colorado. The measurements given by Cope are as 
follows : 


CIDSTET VG NERY coogi ene GS us wou ERA e Hd Hod’ Soleo H EB Saab a eBid 100 mm. 
Proximal: diameter Of Gamera. coisas) seiehy sae el tee eta oh eee ah aoe avevetlain ids 95 
BistalidiameterOhisame sya. isaess cel Cee wey Lier cease ute aoe analgesia 102 
J D-2Yay24 H AAOy PKS) END cotter nerete chet Stcreceh Mere e ate rasa e Ie amo Ian ar ATCO Lae SID 80 
IPrOximMalediaMeter Of SAMO A sees ae ces Se ers eee elo Se en ana oe 65 
Length of a centrum of a dorsal vertebrz without ball............... 6L 
‘Eransversesdiameter of, Gup cic a ee nee eee Sa ri oramete) comm HSE aH es 60) 
Werticalidiameter ofieupicccsery scsi ers Ce Ae eee RSE COND eeaRE . 53 
Benethob apy Calsverlebray sere ict ek ese sie rah ee se er eta ORE LA es 59 
Rransverse diameter of ballvob samen. ashes ee ecco eee 60 
Deyn ol CoE Cor MTG EU le phe art creer RC OPS I Ra en Oe tage a eR 41 
DSTA DG Y [Oe Tt arg ere RS eRe nae Ae te Cate yet Te TUE RANGA LE 52. 
WUT Uy COB! | PSD eS er gd ee ee oe EE Rr en AC ere eesTMC aN LSE RO GOR LN 52’ 


““The vertebree are as much distinguished for their shortness 
as those of P. latispinis are for their elongation. The articular 
faces are but little broader than deep, and their planes are 
slightly oblique. The inferior face is somewhat concave in 
the longitudinal direction. The zygapophyses are stout, and 
there are no distinct rudiments of zygosphene. The pygals 
and anterior caudals have round articular surfaces. One of the 
latter with strong diapophyses, but posterior, is subpentagonal 
in outline of cup.”’ 


? Platecarpus latispinis. 

Liodon latispinis Cope, Proc. Amer. Phil. Soc., Dec. 1871. 

Platecarpus latispinis Cope, Cret. Vert., 156, pl. xxvrtt, ff. 1-4. 

? Platecarpus latispinis Cope, op. cit. 368. 

This species is also from the Fort Pierre, and very doubtfully 
belongs in this genus. There is not enough of the type speci- 
men preserved and described by Cope to locate it definitely. It 
will, however, some time be recognized, I am confident, and for 
that reason I give Cope’s description fully. 

‘‘The remains representing this species consist of seven cer- 
vical and dorsal vertebre ; five of them being continuous and 
inclosed in a clay concretion. The type specimens were found 
by Prof. B. F. Mudge, one mile southwest of Sheridan, near the 
‘Gypsum Buttes.’ These display the elongate character seen 
in Liodon levis, etc., but the transverse surfaces are transversely 
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oval, thus resembling the P. ictericus. The cup and ball of the 
penultimate cervical are a little more transverse than those of 
the fourth dorsal, and none of them are excavated above for 
the neural canal. The last cervical is strongly keeled on the 
middle line below, and with a short, obtuse hypapophysis 
marking the beginning of the posterior third of the length ; 
the median line of the first dorsal has an obtuse ridge. There 
is no keel on the fourth dorsal, but the lower surface is concave 
on the antero-posterior direction. The diapophysis on the last 
two cervical and first three dorsal vertebre have great vertical 
extent; the articular surface for the rib is not bent at right 
angles on the first dorsal. Neural arches and spines are well 
preserved in most of the specimens. There is no trace of a 
zygantrum. ‘The neural spines are flat, and have considerable 
antero-posterior extent on cervical as well as dorsal vertebre, 
and are truncate above. First dorsal bears a long, strong rib.”’ 


‘‘Transverse diameter of cup of penultimate cervical vertebra.......... 51mm. 
Length of centrum of fourth dorsal, without ball.................... 72 
Verticalidiameter ofthe ballewcw. 33. LA. cure iat ae ae eee 45 
Transverse diameter of SAMO... yaa ocicca semaine co aicers heron 65 


Platecarpus glandiferus. 

Liodon glandiferus Cope, Proc. Amer. Phil. Soc., Dec. 1871. 

Platecarpus glandiferus Cope, Cret. Vert., 156, 168, pl. xxv1, ff. 13, 14. 

This species was based upon very slight material. Neverthe- 
less it is possible that it may again be recognized. The two 
cervical vyertebree upon which it is based were collected from 
‘‘lower Butte creek’’ and ‘‘one mile southeast of Sheridan.”’ 
If the locality is accurately given, the second specimen was 
assuredly from the Fort Pierre. The other specimen must have 
been in the Niobrara. Unfortunately it is not stated which of 
the vertebre was from the North Fork and which from Butte 
creek. I doubt that the vertebre are sufficiently characteristic 
to positively determine the species, but they may be. I give 
Cope’s description and a reproduction of his figures: 

‘One is an anterior, the other a posterior cervical vertebra. 
The articular sufaces are transversely elliptic, and completely 
rounded aboye; that is, neither truncated nor excavated for the 
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neural canal. This shorter axes are oblique, 7. e., make less than 
aright angle with the long axis of the centrum ; and the articular 
surface of the ball is thus carried forward on the upper face to 
much nearer the base of the neurapophysis than usual, in the 
anterior vertebra nearly touching them. The ball is, likewise, 
more conyex than in any other species, having a slight central 
prominence in the posterior vertebra.. There is no annular 
groove around the ball. In both, the articular surface of the 
hypapophysis is truncate and bounded by an elevation in front, 
a peculiarity not observed in any of the species above described. 
There is no trace of a zygosphene in either. In the anterior 
vertebra the diapophyses are nearly horizontal; the posterior 
portion slightly thickened and oblique. The anterior portion 
is thinned out, and very rugose above and below, and does not 
continue its margin into the rim of the cup. In the second 
vertebra the diapophyses are very large, vertical, and with a 
horizontal portion rising in a curve to join the middle of the 
lateral margin of the cup. Neural spine narrowed above and 
keeled behind. 


“Bength of-centrum of anterior vertebra... 3.0.6 22. o. coe Met da 64mm. 
Werlical diameteriol balla sue) sits) ssicy. mae pape isa eerie ate ep sage 30 
FULAMAVELSOGiamMe LOLOL SAMO esac jie ei acter eie ie een ee se 39 
Bene thvomposterior vertebral. s spose coe See ee ices 64 
Werticalechiame tor Of boa epee eeet sreyses creas eel eWay ae sl alesre cent ea 30 
PELANSVeXSeiGiaMeber OL BAIIO! ein. tnt servers toe here ee Sergi 43 
Expanse of the anterior zygapophyses: 2: 0.6.6. sae sede eed teleden 5D 


Platecarpus tectulus. 


Holcodus tectulus Cope, Proc. Amer. Phil. Soc., Dec. 1871. 
Platecarpus tectulus Cope, Cret. Vert., 159, 269, pl. xx1, ff. 3-0; xxv, ff. 5-10. 


‘‘ Established on a number of cervicai and dorsal vertebre of 
smaller size than those characteristic of the other species of the 
genus. The centra have not suffered from distortion under 
pressure. The articular surfaces are depressed transverse- 
elliptic in outline with a slight superior excavation for the 
neural canal. A well-marked constriction surrounds the ball. 

‘There is a rudimental zygosphene, in the form of an acute 
ridge rising from the inner base of the zygapophysis, and unit- 
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ing with its fellow of the other side, forming a production of 
the roof of the neural canal. The combined keels become con- 
tinuous with the anterior acute edge of the neural spine. Thus 
the form is quite different from that seen in P. mudgei, and 
constitutes a lower grade of rudiment. The fact that this zygo- 
sphenal roof is separated on each side from the zygapophyses by 
an acute groove gives the former a distinctness more apparent 
than real: 


‘enc hotsmedianicervicalva: -ensatce recor eco se roe oe 43mm. 
Diameter of the ball of a median cervical, vertical................... 20 
Diameter of the ball of a median cervical, transverse ................ 33 
hensth'of the anterior dorsalis iis. nse soto oe eee 42 
Wadth of the cup 34. Ae sangeet ar eee eines een ee 32 


This species was from Butte Creek, ‘‘ fourteen miles south of 
Fort Wallace.’’ If this locality is correctly given it may be 
that the horizon is Fort Pierre. The author speaks of the 
species as the ‘‘smallest known Platecarpus.’’ A second speci- 
men, discovered by Mudge from the vicinity of Sheridan, must 
necessarily be of the Fort Pierre. The material is so very frag- 
mentary from both of these localities that I cannot venture an 
opinion as to the exact affinities of the species. If a Platecarpus, 
it is probably distinct from any others. 


Platecarpus ictericus., 

Holcodus ictericus Cope, Proc. Amer. Phil. Soc., 1870, 577; ibid., Dec. 1871. 

Lestosauras ictericus Marsh, Amer. Journ. Sci., June, 1872. 

Platecarpus ictericus Cope, Cret. Vert., 149, 267, pl. x1v, f. 4; xv, f. 2; xvu, 

fd; 43 x<Vvint ft. 6s) xe £29 x he 1 sexy, | vai) s) SOV TOs 

This species was the first of the genus described from Kansas. 
Several specimens in our collection may be referred to it with 
tolerable certainty. Just what the essential specific characters 
are I am not prepared to state. The size, however, which is 
materially greater than any other, is apparently constant. 

In pl. xxiv is given a figure of the front paddle, repro- 
duced from a drawing made in the field by myself in 1875. I 
cannot say at this time that the drawing is accurate in all de- 
tails, but from the care taken in its production I believe that it 
is. It was made natural size, and bears the following in my own 
writing: ‘‘ Found by Prof. B. F. Mudge, South Fork Solomon 


we 
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river, Graham county, Kansas, May 27, 1875. Under surface 
of right fore paddle, sketched in original position, natural size. 
Size of head, twenty-three inches from tip of snout to occipital 
condyle. Scapula opposite sixth cervical vertebra (measure- 
‘ments accurate). No. 68.’’ The specimen is at present pre- 
served in Yale museum under the above number, and the 
accuracy of the drawing may be determined whenever the 
material in that collection is studied. Measurements of every 
bone, and the distances between the adjacent ones were given 
in the drawing. 

The drawing is especially valuable as showing the natural 
position of the digits and their relations to each other. The 
carpal bones have been partially dislodged, and the four inner 
metacarpals somewhat disturbed. At the tip of the third 
finger there was a small oval ossicle, and at the end of the 
radius a small nodule which was marked ‘‘ sesamoid?’’. It was 
evidently cartilaginous. 

By comparison with Marsh’s figure of his Platecarpus simus, 
distinct differences will be seen in the shape of metacarpals. 
These shapes are observed in the material in our collection 
referred to P. coryphxus. It seems evident from the drawing 
that there were at least four phalanges in the first finger, six 
in the second and third, five in the fourth, and four in the fifth. 

The size of the head, as compared with the paddle, it is seen 
is very small. The length of the paddle as drawn was twenty- 
nine inches, and it was at least two inches longer; that is, the 
proportion was as twenty-three to thirty. In Platecarpus cory- 
pheus it was as twenty-one to about twenty-three ; in Clidastes 
velox, as fifteen to about ten; in Tylosaurus proriger, as thirty-six 
to twenty-four. 

The following measurements of the types by Cope agree with 
the specimens in our collection : 


£5 CVUACLALC I SEC ALCS UMC OEE a stapya em cere s oiican se raul aee eat Pe Eee TO 99mm. 
ANPCriOMGoLsalslenoLHofcenturulmy nope ee eee 59 
Posterior aorsal leno th of Centrum ans 24.7804 alee eR oe eee en 55 
Sohail itl (ais (ean alesce Brann ete RRND Tel a ote ON IDM a/R KAUN A R 145 


Humerus, length 
VAGUS LOT OG Haren eee ee ve renee Pre a ieee eee aE ui eee wa 115 


st 
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Characteristic differences, other than those of size, absolutely 
and relatively, are hard to find. Nevertheless I believe that 
the species will be recognized. 


Piatecarpus corypheeus. 


? Liodon mudgei Cope, Proc. Amer. Phil. Soc., 1870, p. 581. 

Holcodus corypheus Cope, Proc. Amer. Phil. Soc., Dec. 1871. 

? Lestosaurus gracilis Marsh, Amer. Journ. Sci., June, 1872. 

? Lestosaurus simus Marsh, Amer. Journ. Sci., June, 1872. 

Platecarpus corypheeus Cope, Cret. Vert., 142, 267, pl. xtv, f. 3; xv, f. 1; 


O¥diy 115 IIB) o-avane tis (88 0:0:¢, 115 48) o:Sraly 1nig 4 8 5-0-0: Tin GB. Seat, re Ds Iver, 
Journ. Morph., vit, 1; Merriam, Ueber die Pyth. der Kans.-Kreide, 30; 
Williston, Kans. Univ. Quart., vi, pl. x. 

This species is the best known of the Kansas Mosasaurs, and 
the most common. Possibly this is due to the fact that it was 
the best described. ‘‘The specimens upon which this species 
rests were discovered by Prof. B. F. Mudge, formerly State 
Geologist of Kansas, now professor of geology in the State 
Agricultural College of Kansas, on the north bank of the Smoky 
Hill river, thirty miles east of Fort Wallace, Kan.’’ 

The description of the species will be found in detail in the 
comparative anatomical description, and numerous figures and 
the restoration will be found in the plates. 

I believe that I recognize at least three synonyms, P. mudget 
Cope, P. gracilis and P. simus Marsh. From the inadequacy of 
the descriptions of these species | may be in error. Nothing 
but an examination of the type specimens will determine the 
matter. Should P. mudgei be found identical, the name must 
supersede coryphxus. 

I give, however, the descriptions of all three of these species 
quoted from their authors. 


Platecarpus mudgei. 


Liodon mudgei Cope, Proc. Amer. Phil. Soc., 1870, 581. 
Holcodus mudgei Cope, |. c., 1871, December. 
Rhinosaurus mudgei Marsh, Amer. Journ. Sci., June, 1872. 


Platecarpus mudget Cope, Cret. Vert., 157, 268, pl. xvi, f. 3; xvi, f. 5; 
SEAMING BZ Regatta Th 


‘‘The characters distinguishing this saurian are the follow- 
ing: Vertebree without rudimental zygosphene ; quadrate bones 
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with plane surfaces from the proximal articular surface and the 
external obtuse-angled ridge to the meatal pit; the latter, there- 
fore, not sunk in a depression, as in the other species. 

‘*The determination of this species rests on a series of speci- 
mens from the yellow chalk at a point six miles south of Sheri- 
dan, Kan. They consist of three vertebre and fragments of 
atlas, with numerous portions of cranium and proximal extrem- 
ity of scapula.’’ 

The determination of this species may be doubtful, but, as 
only one species in the genus from Kansas antedates it, P. icte- 
ricus, the name, fortunately, must be eventually acknowledged 
as of a valid species, should it not be identical with H. ictericus. 
I suspect that the species is identical with P. coryphzxus. 


Platecarpus gracilis. 


Lestosaurus gracilis Marsh, Amer. Journ. Sci., June, 1872. 


‘A marked feature in this skull of this species is the superior 
surface of the parietals, which is small and subtriangular in 
outline, with the sides incurved. The internal angle of the 
proximal end of the quadrate is much less than a right angle, 
although the great ala is nearly in the same plane as the outer 
margin of the hook. This leaves a deep, broad notch between 
the alar process and the internal angle. There is a deep groove 
below the meatal pit. The articular ends of the cervical and 
dorsal yertebre are transversal oval, with a distinct excavation 
on the superior margin. Rudimentary zygosphene present. 
Smoky Hill river. 


““Penptil of parietal onnmedian limes yy ais. svc (ane eels eons clcserents le aetna 46mm. 
NWA A0) Tsao Ose Sete nex cic tieye chcat Ce oat Gat IRIAN OES en Ries Cierra A 80 
Rene nol GUAATALG 2205. ja esperar evie Sie el aiete were cls ia le seer avaarcunceae ena 76 
Men LO meentr wm Ol axis Ma atk se ses creates rack taue ana ae ete Hae 53 


Not a single character is given in the above description to 
distinguish the species, except possibly the smaller size. It 
may be referred to P. coryphxus with safety. The position of 
the trochanter of the femur was doubtless due to post-mortem 
distortion. 
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Platecarpus simus. 


Lestosaurus simus Marsh, Amer. Journ. Sci., June, 1872. 


‘‘There are eleven teeth in the maxilla, and thirteen in the 
mandible. The teeth have their external faces faceted, and 
marked with irregular striz, and the inner side strongly striate. 
The quadrate is large, with a stout elongated hook. ‘The inter- 
nal angle is nearly a right angle. The distal articular face is 
prominently convex, with its anterior margin but slightly in- 
flected. There is a large tubercle on the inner margin of the 
hook opposite the meatal pit, but no articular button. The 
cervical and dorsal vertebree have transverse, broadly oval ar- 
ticular faces, slightly emarginated above for the neural canal. 


‘henge thyotalveolansportion ofadentanyaesee roe cee coe eee 275mm. 
hengthiof quadraten ss nica S et ae pact hc cca e tio de eens atin ame eee 93 
mene thvotgaxdsawithrodontoldesenreeecrL eee Corer ee eee 98 
bength’ of centrum of first dorsal vertebra -...22. 0.25.5... -2s2) bee 58 
Bene throLyhumenrrus yA te oeiecs cosh elie evar See ene Oe ee os Senate aes 141 
heng thr off raditigieec tee ce sr. see ciihe iauc tus eee este oes eiic ce Sa RE 99 
d T= Hayeq ray ro} ery Uy bake Naratek pyeamn een ek naa IRN PU aie te Ae on ene eC EL ier Sieh Gla 104 
Men ghar o ta lima rs siek een tiene act 8 oan Gs far ete le ne ce 153 
Tene theoirise rummy rks sy ate « esd oie Adar cea eS ORE ee eee 138 
eng throfepubisy, Y: .ec ssarte sic eiciere es suerschs MS eee US een IRR ees 175 
Meno thyoLfemiurtayeraies oe eee oe Be tin ec au eee AE eee 116 
Meme thyori til vaty yee ise ecloce feeeeeree ste tmeae Gs eiciehs So ore Guo Sean ee 56 


‘“This species may be distinguished from Liodon curtirostris 
Cope, perhaps its nearest known ally, but a smaller species, by 
the number of teeth in the maxillary, which are eleven instead 
of ten, by the more anterior nareal expanse, and by the supra- 
occipital keel, which is inclined obliquely forward. The two 
latter characters separate it also from Holcodus coryphxus Cope, 
from which it likewise differs in its large quadrate. Smoky 
Hill river.’’ All utterly worthless characters. 


Platecarpus planifrons. 


Clidastes planifrons Cope, Hayden’s Bull. U. S. Geol. Surv., No. 2, p. 31, 
31, 1874; Cret. Vert., 135, 265, pls. xxir, xxtit, ff. 1-13; xxxv, f. 16. 
? Sironectes anguliferus Cope, Bull. U. S. Geol. Surv., No. 2, p. 34; Cret. 
Vert., 189, 267, pls. xxxiu, ff. 16-18; xxxiv, 1-15, 1875. 
The material upon which this species was based is ‘‘a large 
part of the cranium, including the quadrate bone, cervical and 
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dorsal yertebrz and fragments of other elements, all belonging 
to one individual.’’ Notwithstanding the apparently functional 
zygosphene, the species evidently belongs in Platecarpus, and 
doubtless would have been located there or in Sironectes had 
the caudal vertebrx been preserved in the type specimen. This 
is apparent from the parietal bone, which, though incomplete, 
was evidently of the peculiar Platecarpus type; from the shape 
of the frontal, prefrontal, coronoid and vertebral bones. The 
vertebree differ in no important respect from those of Szvronectes 
anguliferus, apparently, and the presence of the zygosphenes 
makes it evident that the species are very closely allied if not 


identical. 
Platecarpus felix. 


Lestosaurus felix Marsh, Amer. Journ. Sci., June, 1872. 


The larger part of the description of this species is drawn 
from illusory characters—characters due to the amount of pres- 
sure and distortion the specimen has received. Inno species of 
the order does the supraoccipital keel, for instance, incline ob- 
liquely backward, to project beyond the basioccipital condyle. 

‘There are eleyen teeth on the maxillary, and twelve in the 
mandible. The great ala of the quadrate is nearly in the same 
plane as the external margin of the hook, and hence the inner 
angle is much greater than a right angle. There is a broad, 
shallow depression on the front face of the ala near the middle, 
and below this a deep pit on the inner face above the internal 
angle at the distal end. 


‘‘ Width of maxillary at anterior nareal expanse....................... 33mm. 
Width of frontal at posterior margin fae ie ee seis Sis yeaa stake 115 
d Bye) neq il ara} 2(0 U6 bats | Koyo eae eens Ie eicecr pre rrNERE ICRI AARC Caen CRESS TIEN Sa Ie 81 
Length of axis without odontoid process............. 006s cece ceeaee Bes) 
Mencthiof anterioma@dorsaliventebran. aeaeemic a cenilercire cia lerieiem ima 60 


Platecarpus latifrons. 


Lestosaurus latifrons Marsh, Amer. Journ. Sci., June, 1872. 


‘‘The frontals in this species are broad, especially anterior to 
the orbits, where there is a lateral expansion. Hleven maxillar, 
twelye mandibular and ten pterygoid teeth. The quadrate has 
an elongate depression on the back of the ala near the middle, 
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and a deep semicircular excavation under the hook and behind 
the meatus. The cervical vertebre are small, their articular 
ends elliptical, with no superior emargination. Rudimentary 
zygosphene present. Distinguished from L. curtirostris and H. 
coryphxus Cope by the number of teeth in the jaws, or palatines. 
Smoky Hill river. 


‘*Width of frontals between posterior angles.......................... 115mm. 
Width in front of orbits..... eon SE Nae anne aa) oz Sod INE a Sere tL CEES Re SE eg 85 
eng throt quadrates: os S.c0e elec Casuals ee en ee eee ee 77 
Wength qf axis) with odontoid precess.25) 7 eae see eee 68 


Platecarpus clidastoides. 


Platecarpus clidastoides Merriam, Ueber die Pyth. der Kans.-Kreide. 30. 


‘This species is based upon a parietal, the entire occiput, 
the quadrato jugal [ prosquamosal |, the atlas, some dorsal and 
three caudal vertebre. It is characterized by the peculiar 
parietal, that shows anteriorly a low, three-cornered field, in 
whose middle is the comparatively small, round pineal foramen, 
which is situated remote from the coronal suture. The parietal 
is vertically flattened at its posterior end, and shows much re- 
semblance to that of Clidastes. The entire appearance of this 
bone is different throughout from that of other species of Plate- 
carpus. That the species belongs to this genus is shown by the 
perforate basioccipital, and the Platecarpus-like lateral piece of 
the atlas. The vertebre are so much crushed and weathered 
that they can be distinguished neither as belonging to Clidastes 
nor Platecarpus.’’ Translation from Merriam, 1l.c. The speci- 
men was collected by Sternberg on the Smoky Hill river, 
though whether from the Niobrara or Pierre is not certain. 


Platecarpus oxyrhinus. 


Platecarpus oxyrhinus Merriam, Ueber die Pyth. der Kans.-Kreide, 30. 


‘‘This species is based upon two maxille, a premaxilla, 
fragments of a dental, transverse, femur, and ulna. The char- 
acter by which it is strongly distinguished from all other species, 
is the elongation of the rostrum, as in Clidastes, only the elonga- 
tion is not as great.’’ Translation from Merriam,1.c. The lo- 
cality and the collector are the same as of the preceding species. 
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Plioplatecarpus. 


Plioplatecarpus Dollo, Note sur l’osteologie de Mosasauridz, Bull. Mus. 
Roy. Hist. Nat. Belg., 1, 1882, p. 62. 

Oterognathus Dollo, Premier Note sur les Mosasauriens de Mesvin, Bull. 
Soc. Belg. Geol. Pal. Hydr., 111, 1889, 286. 

Premanxillary obtuse, not projecting beyond the teeth. Teeth 
long and slender, faceted and striated. Suprastapedial process 
of quadrate long; ear cavity large. Mandible slender, the cor- 
onoid rudimentary. Cheyrons free, not large. Coracoid 
emarginate. An interclavicle present. Humerus stout. Zyg- 
osphenes rudimentary. Type species, P. marshiz Dollo, 1. c. 
Maestrichtian. 

This genus was originally made the type of a new family, 
based upon the supposed union of vertebree to form a sacrum. 
This was afterwards found to be an error by the author and the 
family withdrawn. The genus certainly belongs in the vicinity 
of Platecarpus, though abundantly distinct, especially in the pe- 
culiar shape of the limb bones, as figured, in the mandible, etc. 


Prognathosaurus. 


Proqnathosaurus Dollo, Premiere Note sur le Mosasauriens de Mesvin, 
Mem. Soc. Belg. Geol., 111, 293, 1889. 


Premaxillary short, not projecting beyond the teeth. Frontal 
large and triangular. Prefrontal and postfrontal touching each 
other. Sclerotic ring conical. Pterygoid with very large téeth. 
Quadrate with the suprastapedial process strong, coossified with 
the infrastapedial process below, inclosing an oval auditory 
meatus. Mandible strong, more or less campylorhynchous,” 
with a large coronoid process. Parietal foramen of moderate 
size. Hypapophyses of cervical vertebre free. No zygosphene ; 
cheyrons articulated. Coracoid without emargination. Typ- 
ical species, P. solvayi Dollo, 1. c. Brown Phosphatic Chalk of 
Cipley, Upper Senonian. 


58. That is, curved, with its upper border concave. 
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Brachysaurus. 


Brachysaurus Williston, Kans. Univ. Quart., v1, 1897. 


Premaxillary probably obtuse. Frontal large and broad. 
Suprastapedial process of quadrate united with infrastapedial 
process. No median basioccipital canal. No zygosphene ; chey- 
rons coossified. 

This genus is yet in large part unknown. As will be seen, 
there are many striking points of resemblance to Progna- 
thosaurus, and I am inclined to suspect that the two genera 
may yet be found to be identical. The chief distinction, 
and which, if true, will certainly distinguish the genera, is the 
union of the chevrons. In Prognathosaurus they are free, while 
in Brachysaurus they are coossified, or at least some of them are. 
The entire chevrons are not preserved in any specimen, but the 
broken ends indicate clearly that the union was not by articula- 
tion. Dollo states, on page 298 of the work cited, that the chey- 
rons are coossified in Prognathosaurus, but on the following page 
that they arefree. Ina later publication, however, he says that 
they are free, as determined from additional specimens. If the 
bone I identify as a part of the pterygoid is really that, the teeth 
are very large, thus agreeing with the most striking character 
of the genus Prognathosaurus. The species has been described 
in the foregoing papers, and will be found figured in plates xxx 
and txt. Typical species, B. overtonii Williston, Kans. Univ. 
Quart., 111, 169, 1895. Geological horizon, Fort Pierre Creta- 
ceous of South Dakota. 


Holosaurus. 


Holosaurus Marsh, Amer. Journ. Sci., Jan. 1880. 


Nothing further is known of this genus than the original 
description by Professor Marsh. Whether it is a good genus or 
not cannot be stated with any degree of certainty. The only 
essential character given by the author to separate it from 
Platecarpus is the non-emargination of the coracoid. As this 
same character is disregarded in, Clidastes, it would hardly seem 
to be of value in this, if there are no other characters. 
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I give the original description, as follows: 

Holosaurus abruptus Marsh, l.c. ‘‘The type specimen on 
which the present genus is based is one of the most complete 
skeletons of the Mosasauroid reptiles yet discovered. This 
genus is most nearly related to Lestosaurus | Platecarpus|, and 
agrees with it in the form and general characters of the skull. 
It may be readily distinguished by the coracoid, which is en- 
tirely without emarginations, as well as by other points of 
difference. From Tylosaurus it is separated widely by the 
premaxillaries, mandibles, and the palatines. 

‘““The present species was one of the shortest in proportion 
to the bulk hitherto described, the skull and tail being both 
abruptly terminated. The entire length was about twenty 
feet. There are ninety-eight vertebre preserved between the 
skull and a point in the tail where the caudals have a diameter 
of one inch. Many of these vertebre are in position. The 
caudals preserved all have articulated chevrons. 

‘‘Some of the dimensions of the present specimen are as 
follows : 


fShonethor entire lower jaw bwoO feeti)in. vasjececioc ic ae ciel oes econ 610 mm. 
Length of dentary bone on lower border.................0..0-- sees: 342 
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This specimen was found by myself in the yellow chalk of 
Butte creek, Kansas, in the summer of 1877. 

The estimate of the length is clearly too great. If the pro- 
portions are as in the species of Platecarpus it would not be over 
sixteen feet in length. The vertebre do not vary a great deal 
in length to the base of the tail, or about the thirtieth vertebra. 
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The average length of these, according to the measurements, is 
about three inches each,’making ninety inches. The bones of 
the tail decrease in length rapidly in the tail, the length of the 
entire tail never being as great as the trunk in front of it. Six- 
teen feet, it is thus seen, is a large estimate of its length. If 
the specimen is greater than that, the proportions would furnish 
sufficient generic difference from Platecarpus. The type speci- 
men is now on exhibition in the Yale Museum, and it will be 
an easy matter to determine the characters. 

Cope has believed that this genus is identical with Sironectes. 
The last genus, if genus it be, differs from Platecarpus in the func- 
tional zygosphenes. If Holosaurus abruptus has such zygosphenes, 
and it is not at allimprobable that it may, the synonymy would be 
extremely probable. It is thus not at all impossible that Clidastes 
planifrons Cope, Sironectes anguliferus Cope, and Holosaurus ab- 
ruptus Marsh, are all identical. 


Phosphorosaurus. 


Phosphorosarus Dollo, Mem. Soc. Belg. Geol., 111, 280, 1889. 


Suprastapedial process of quadrate much elongated and 
united below with the infrastapedial process, inclosing an elon- 
gated auditory meatus ; tympanic cavity extended and shallow. 
Frontal bone very narrow, with nearly parallel sides, and form- 
ing a part of the superior border of the orbits. Parietal bone 
small, with a triangular superior surface and a very large 
pineal foramen, bordering upon the frontal. Prefrontal not 
projecting into a horizontal plate. Type species, P. ortliebii 
Dollo, Brown Phosphatic Chalk, of Mesyin, Belgium. 

Although this genus is yet incompletely known, the parts 
now known present very distinct and important differences 
from the corresponding ones of any other known genera. The 
genus is, seemingly, one of the most singular yet described, and 
further knowledge concerning it will be looked for with much 
interest. Just what are its nearest relationships, one cannot 
now say, but I believe that it will be found to be a member of 
the Platecarpine. 
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MOSASAURIN 2K. 
Mosasaurinc Williston, Kans. Univ. Quart., v1, A, 181, 1897. 


Hind limbs tetradactylate. Carpus and tarsus fully ossified, 
and with not more than six phalanges in any digit. Trunk 
relatively long, the thorax short, the tail much compressed dis- 
tally, the chevrons coossified wth the centra. Zygosphenes 
rudimentary or functional. Humerus with a strong radial proc- 
ess at the distal end. Prefrontal more or less dilated into a 
horizontal plate posteriorly. Coronoid large, articulating with 
splenial on the inner side. Rostrum short, obtusely conical. 
Quadrate small, with a suprastapedial process of moderate 
length. . 

Mosasaurus. 
Mosasaurus Conybeare, in Parkinson, An Introduction to the Study of 
Fossil Organic Remains, 198, 1822.°° 

Zygophenes rudimentary or wanting. 

This character, slight as it is, seems to be the only one that 
is applicable for the differentiation of the species from those of 
Clidastes. Possibly future knowledge of the forms now known 
as Mosasaurus may determine other characters that will be of 
generic value either in the separation of this, or for the erec- 
tion of others. The genus includes the largest of the known 
Mosasaurs, while those of Clidastes are either very small or of 


moderate size. 
Clidastes. 


Clidastes Cope, Proc. Acad. Nat. Sci. Phil., 1868, p. 233. 
Edestosaurus Marsh, Amer. Journ. Sci., 1, p. 417, June, 1871. 


Small to medium sized, elongated, and slender. Premaxillary 
short, projecting but little beyond the teeth, obtusely conical. 
Teeth faceted upon the outer side, smooth on the inner, or smooth 
throughout; fifteen or sixteen in number in the maxille, sev- 
enteen or eighteen in the dentary, and twelve to fifteen in the 
pterygoids. Nares moderately dilated, situated anteriorly. 
Frontal not emarginated in the middle posteriorly. Pineal 


59. ‘‘ Mosasaurus, the Saurus of the Meuse, the Maestricht animal of Cuvier. As Cuvier has 
not yet given it a pame, this name is suggested by Mr. Conybeare until he has done so.’’ 
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foramen of moderate size, situated within the parietal bone. 
Facial surface of parietal elongate, the sides nearly parallel, 
emarginate posteriorly. Quadrate relatively small, the supra- 
stapedial process reaching to about the middle of the bone. 
Expanded portion of the palatine elongate. Vertebre with 
functional zygosphenes. Vertebre from 117 to probably not 
more than 125in number. Thoracic vertebre eleven or twelve, 
lumbo-dorsals twenty-four or more, pygal caudals_ seven. 
Chevrons long, coossified with the centra. Tail much com- 
pressed, the spines elongated posteriorly. Limbs small; arm 
and leg bones short and expanded. Phalanges not more than 
six in number in anydigit. Fifth finger divaricate and shorter 
than the fourth. Hallux rudimentary or wanting. Hind limb 
much smaller than the anterior one. Coracoid emarginate or 
entire. Ischium but little expanded distally, pubis with a proxi- 
mal anterior process. 

These characters are based upon a nearly complete specimen 
of C. velox and the larger part of one of C. tortor. The complete 
tail is known only in C. velox, and hence it is possible that the 
dilatation may not be present in other species. 

The genus Clidastes, as first described by Cope, was based 
upon two dorsal vertebre of C. iguanavus, the type species, 
from New Jersey. Shortly afterward, however, he gave a full 
generic description, as derived from an unusually good speci- 
men of an allied species, C. propython, from Alabama. Only a 
little later, Marsh described a genus, which he called Edestosau- 
rus, from Kansas, but without giving any really distinctive char- 
acters from Clidastes. The genus Edestosaurus has now been 
rejected by all writers on the Mosasaurs, save its author. It 
seems hardly necessary to point out the identity. The only 
distinctive character the author gave for his genus was the in- 
sertion of the pterygoid teeth, and even this character he modi- 
fied later —‘‘ Palatine [sic] teeth more or less pleurodont.’’® 

The genus is certainly very closely allied to Mosasaurus, but, 
I believe, shows sufficient distinctive differences to justify its 
existence. The form of the animal is elongated, as in that 


60. American Journ. Sci., 11, June, 1872. 
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genus, the paddles are of the same structure, and the skull 
shows very strong resemblances. The presence of functional 
zygosphenes will at once distinguish the known species. 

Three species of Clidastes have been described from other 
regions than Kansas: C. iguanavus Cope, from New Jersey; C. 
propython Cope, from New Jersey ; and C. intermedius Leidy, from 
the Rotten Limestone of Alabama. Only C. propython is well 
known of these, and a comparison of the published figures and 
descriptions by Cope ( Extinct Batrachia, etc.) will convince one 
of the very strong relationships with C. tortor, especially from 
Kansas. Indeed, I half suspect that a careful comparison of 
the specimens may reveal the identity of the species. A speci- 
men discovered some time ago at Flagler, Colo., which I have 
examined, probably from the Fort Pierre, may indicate another 
species. 

Clidastes stenops. 


Edestosaurus stenops Cope, Proc. Amer. Phil. Soc., 1871, p. 330; Marsh, 
Amer. Journ. Sci., 11, p. 264, June, 1872. 


Clidastes stenops Cope, Cret. Vert., etc., pp. 133, 266, pl. xiv, ff. 4, 5; 
SOLE Hie 7G ig ovals, iy IIR o-o:0-qi1y 16, G38 D-0-O-Ainiy Shy By 

This species is very peculiar in lacking the expansion of 
the prefrontal over the orbit anteriorly, its shape being more 
nearly as it is in Platecarpus. In all other respects, however, it 
is true Clidastes. ‘‘The prefrontal is of peculiar form, and dis- 
plays the greatest difference from that of C. tortor. Instead of 
being a horizontal bone, it is so oblique as to be nearly vertical. 
From this follows an alteration of the relation of all the parts. 
The squamosal suture with the frontal, which is marked by 
peculiar concentric rugosities in both species of this genus, in- 
stead of being on the upper, is nearly on the under surface, 
though oblique to both. The lateral margin is subinferior and 
plicate ; the crest of the inner side bounding the maxillary pro- 
jects far below it in front. ‘The characters are similar to those 
of C. tortor; but all the bones are more massive, though of the 
same dimensions.”’ 

Nothing is known of the extremities. 
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Clidastes cineriarum. 


Clidastes cineriarum Cope, Proc. Amer. Phil. Soc. 1870, p. 583. Cret. Vert. 
panes 137, 266; pl. xx, ff. 14-17. Bull. U. S. Geol. Surv., Hayden, 1, 
‘‘The type specimen of this species consists of vertebree and 
pterygoid teeth. There are two anterior dorsals, three lumbars 
[ pygals] and one caudal. The articular faces of the caudals 
are broad vertical ovals.’’ This practically is all that is given 
to distinguish the species, a character that is more or less 
illusory and unsatisfactory, and in this present case wholly 
insufficient. ‘‘The centrum of the anterior dorsal is much 
compressed.’’ Collected by Professor Mudge, six miles south 
of Sheridan. 


Clidastes velox. 


Edestosaurus velox Marsh, Amer. Journ. Sci., 1, p. 450, June, 1871. 
Edestosaurus pumilus Marsh, |. ¢c., p. 452. 

Clidastes affinis Leidy, Rep. U.S. Geol. Sury., Hayden, p. 283, 1873. 
Edestosaurus dispar Marsh, Amer. Journ. Sci., xxrx, pl. 1, Jan. 1880. 
Clidastes velox Williston and Case, Kans. Univ. Quart., 1, 15, pls. 1, 111, 


1892. Williston, Kans. Univ. Quart., 1, p. 83, pl. 111. Merriam, Ueber die 
Pyth., ete., p. 31, pl. 111. 

This species has been used in the foregoing pages as typical 
of the genus, and a description of the different parts is given 
in detail, as based upon an unusually perfect skeleton discov- 
ered by myself in the summer of 1891 and now mounted in the 
museum. See plate LXII. 

The diagnostic characters of the species are found in the 
structure of the quadrate, as described on a preceding page, in 
the emarginate coracoid, and in the structure of the front pad- 
dles, especially the forearm and carpal bones. 

Marsh has figured a specimen of Clidastes with emarginate 
coracoid under the name of C. dispar, but, from my memory 
of the specimen, which was collected by myself, I am quite 
sure that he was wrong in its determination. The quad- 
rates of the two species are readily distinguishable, and the 
figure of the type of C. dispar shows that it cannot possibly be 
the same as this. Cope expressed the opinion to me that 
the presence or absence of an emargination in the coracoid is 
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sufficient for generic separation. Iam not inclined to agree 
with him, in the absence of other important differences. Should 
it be deemed sufficient, however, the name Ldestosaurus cannot 
be used for this genus to include C. velox, since C. dispar is the 
type of Edestosaurus. 

Of the identity of C. affints Leidy, I have no doubt. The fig- 
ures and descriptions given by Leidy agree perfectly, except that 
he describes the back teeth of C. affints as having the enamel 
strongly striated, with the surface presenting evidences of sub- 
division into narrow planes. The differences from the actual 
condition of our specimens in this particular are so slight that 
I do not think the character has any weight. 

In the paper cited above, Williston and Case expressed the 
opinion that C. pumilus Marsh is identical with C. velox. Mer- 
riam, who has examined specimens since then, would accept the 
species as distinct. ‘‘C. pumilus Marsh, zeichnet sich besonders 
durch seine geringe Grosse aus, welcher Higenschaft wohl einer 
specifischer Werth beizulegen ist, weil man sonst annehmen 
miisste, das Individuen mit der geringen Schadellange von 22 
em. zu derselben Species gehoren wie die grossen Exemplare von 
Cavclon 7. 

Nevertheless, it is a question of considerable moment how 
much specific weight can be placed upon size alone. Not a 
single character given by Marsh (the structure of the quadrate, 
basioccipital, etc.) is constant for the species. The only differ- 
ence is size, so far as I can ascertain, after the most careful 
scrutiny of the various specimens in the museum. Possibly the 
jaws are more slender, and the articulation more oblique, but, 
if so, there must be other species which are intermediate in 
these characters, yet unnamed. Leidy (1. c., supra) expressed 
his views of the specific value of size as follows: ‘‘It is a ques- 
tion of some importance how far difference in size among the 
Mosasauroids may be a test of difference of species. Among 
the numerous remains of these animals which have been dis- 
covered, I have never yet observed any which presented any 


61. Paleontographica, Ueber die Pythonomorphen, etc., XLI, 35. 
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relative toage. . . . In this view of the case, some of the 
many species of Mosasauroids may have been founded on differ- 
ent ages of the same.’’ 

This statement I can corroborate. I have seen altogether not 
far from 2000 specimens of Mosasaurs, and have collected with 
my own hands not less than 400. But I have never seen one 
that could unhesitatingly be pronounced to be that of a young 
animal. And certainly the Mosasaurs did not all die of old age. 
One suspects the youth in some cases from the distorted condi- 
tion of the bones, due probably to less well-ossified conditions. 
The neural sutures are never found unclosed, and rarely do we 
find the bones of the skull macerated and separated. It is cer- 
tain, then, that size cannot have a very great specific value. 

The smallest specimen of a Mosasaur in our collection has the 
mandibles 250 mm. in length; that is, indicating an animal a 
little over six feet in length. These mandibles are more slender 
than are those of the specimen of C. velox used for description, 
but no more slender than in another specimen of larger size 
that should be referred to C. velox. In this specimen the jaws 
have a length of 365 mm. In the smallest specimen the coro- 
noid projects much beyond the proximal end of the presplenial, 
while in all the other specimens the dentary projects much 
further back. 

Marsh has given certain characters for the quadrate of C. 
pumilus which do not exist in the smallest specimen under ex- 
amination. The quadrates in this specimen measure but thirty- 
three mm. in length, with the distal articular face twenty mm. in 
extent, precisely that of the type. The two quadrates agree 
exactly with those of the velox described in the foregoing pages, 
and C. velox has perhaps the most characteristic quadrate of any 
species of the genus. The inner face is not concave longitudin- 
ally on the anterior border, as it is in all those that I know of or 
that have been figured, but is nearly straight. The sharp ridge 
beginning just below and to the anterior side of the stapedial 
pit and extending towards or to the anterior inferior angle is 
present, and always wanting in the quadrate of the other spe- 
cies. Just anterior to the pit, on the border, there is a small 
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roughening, as in C. velox, and of which there is no sign in 
the specimens of other species at my command. The rugosity 
below the stapedial process is confined to the outer side, as in 
velox, and the length of the processisthe same. The shape of the 
distal articular face presents no tangible differences. Further- 
more, (’. velox and the present are the only species of the genus 
now known in which the coracoid is emarginate ; the two spe- 
cies agree in the paddles quite, and no two other species do. 
Finally, there are specimens in the museum which are inter- 
mediate in size between the two. 

Taking all these facts into consideration, I am still of the 
opinion that there is but a single species. 


Clidastes tortor. 


Edestosaurus tortor Cope, Proc. Amer. Phil. Soc., Dec. 1871. Marsh, Amer. 
Journ. Sci., 11, 264, April, 1872. 


Clidastes tortor Cope, Cret. Vert., etc., pp. 48, 265, pls. rv, f. 1; xtv, f. 2; 
xin Wi OOS vate, US sabe itty TENDS noon ite 88 .oo.qnis 1 Oy dele We tsi 
Geo]. Surv. Hayden, 11, p. 583. Williston and Case, Kans. Univ. Quart., 1, 
25. 


Edestosaurus dispar Marsh, Amer. Journ. Sci., June, 1871; June, 1872, pl. 
liyttas deat 


Edestosaurus rex Marsh, op. cit., June, 1872, pl. 11, f. 1. 
Clidastes medius Merriam, Ueber die Pyth. der Kans.-Kreide, 35. 


The material referred to this species in the University of 
Kansas consists of one nearly complete skeleton and the incom- 
plete remains of five others. The descriptions given are taken 
almost exclusively from the complete specimen, which was col- 
lected by the late Judge E. P. West. The species appears to 
be the most common of this genus in the Kansas chalk. I be- 
lieve that I recognize three synonyms of the species in those 
previously described. 

Edestosaurus dispar was the type of the genus. Its characters, 
both generic and specific, were given together, as is the custom 
of the author. The essential characters given by him, that is, 
those not common to other species, are as follows : 

‘In the cervical and anterior dorsals the cup and ball are 
somewhat inclined: in the posterior dorsals and lumbars 
[ pygals | less so, and in the anterior caudals they are nearly, 
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but not quite vertical. The articular faces in the cervicals are 

a broad, transverse oval, faintly emarginate above for the neural 
canal. The quadrate has the same general form as in C. propy- 
thon, but the external angle is situated further back, and has a 
notch in its posterior margin directly above the meatal pit. 
The posterior superior process is shorter, with a compressed 
free end. The teeth are curved and somewhat compressed. 
The enamel is smooth and shows faint indications of broad 
facets on the basal half. There were at least fifteen pterygoid 
teeth.’’ In plate 1, June, 1872, the author figures the coracoid, 
scapula, quadrate, and pelvis. The coracoid, though incom- 
plete, shows the absence of the emargination, as in fact the au- 
thor explicitly states (‘‘ There is certainly no emargination in 
the coracoid of Clidastes, Edestosaurus, and Baptosaurus, as speci- 
mens in the Yale museum conclusively prove’’). It is true 
that Marsh in a later paper” figured a specimen with emarginate 
coracoid under the name of Hdestosaurus dispar, but it is certain 
that his identification of his own species was wrong, since no 
species but C. velox (and C. pumilus ) is yet known to have an 
emarginate coracoid. The specimen figured was collected and 
prepared by myself, and I have no hesitation in saying that the 
species is C. velox. 

- That the emargination was overlooked by the author seems 
strange, since he separated Holosaurus at the same time from 
Platecarpus (Lestosaurus) upon that very character. If this char- 
acter is of generic value, then C. velox must receive a new name, 
since E. dispar is the type of Edestosaurus, and hence perfectly 
synonymous with Clidastes. 

The paddles and quadrate agree quite with the corresponding 
bones of C. tortor. The notch in the margin of the upper border 
of the quadrate of C. dispar, upon which Marsh places much 
importance, is an individual character only, and of slight im- 
portance. 

Edestosaurus rex, Marsh described essentially as follows: 

‘“The skull is elongate, the frontal converging very regularly 
infront. The palatines have fourteen teeth. The shaft of the 


62. American Joarn. Sci., xrx, pl. 1. f. 1, Jan. 1880. 
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ilium is less sigmoid than in JL. dispar, and the ischium more 
expanded distally. The pubis appears to have had a more 
prominent anterior process. The articular ends of the anterior 
caudals are vertically oval.’’ 

The species differs, according to the author, from C. tortor 
and H. dispar, in ‘‘the less number of the pterygoid teeth and 
in other characters.’’ The absence of one tooth in the ptery- 
goids is not of specific importance. If the other characters had 
been of any importance the author would have stated them. 
The shape of the pelvic bones, by reference to his figures, one 
will see to be of trivial importance, and all might easily have 
been the result of imperfect preservation. Until these ‘‘ other 
characters’’ are forthcoming, it will be quite safe to consider 
C. rec as 2 synonym of C. tortor. 

Clidastes medius Merriam was based upon the shape of the 
prefrontal bone. ‘‘Die meisten knochen stimmen mit den 
entsprechenden von C. velox und C. tortor iiberein,’’ but the 
prefrontal ‘‘ nicht so weit in der Entwickelung zu einer einfachen 
horizontal Platte vorgeschritten ist.’’ 

In the absence of further differences and figures, I think it 
may be safely assumed that the difference of the prefrontal 
bone has been due to imperfect preservation rather than to a 


specific structure. 
Clidastes wymani. 


Clidastes wymani Marsh, Amer. Journ. Sci., June, 1872, plate 11, f. 1. 


This species was based upon two specimens — one including 
the chevron caudal vertebre ; the other, parts of the skull and 
anterior yertebre. It is, of course, not at all certain that the 
two skeletons belonged to the same species. 

‘The specimens indicate asmallreptile, very near C.. propython 
in size, but differing from that reptile in several important par- 
ticulars. One of the most noticeable of these is the form of the 
muzzle, which in the present specimen has a short and obtuse 
extremity, not unlike that of Liodon proriger Cope (Tylosaurus) . 
The basioccipital has the condyle deep vertically, and only a 
shallow groove on the upper surface for the neural canal. The 
quadrate has the postero-superior process free at its lower ex- 
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tremity. Just below this there is a prominent rugose knob, 
with a deep pit under it entering from the external border. 

‘In the cervical vertebre, the outline of the articular faces is 
transverse cordate, the ball of the axis showing a marked differ- 
ence in this respect from that of UC. propython, where it is sub- 
pentagonal. The centra of the anterior dorsals are elongate, 
and much constricted behind the diapophyses. ‘The cup here 
becomes broader, and the emargination deeper. In the anterior 
caudals the articular faces are a broad vertical oval. There are 
eighty-one caudal vertebree preserved, the last fifty being con- 
tinuous. The terminal ones are less than one-twelfth of an inch 
in transverse diameter. 


Measurements. 

‘Meng thvof- axis: with.odontoid process; .0F soe coe eee ee eee 39 mm. 
Width between diapophyses ............ TR ere Sot ae OS ole -30 
lengthy onicimdihicervicaleyathout) balla eee eee eee eee eee 27 
LGUs il oxo) oY CADY Orn eee AERA IA Agee bata em bun eae Sia ee ON 18 
Distance from end of muzzle to center of first tooth................... 12 


North Fork of Smoky river.”’ 


Clidastes liodontus. 


Clidastes liodontus Merriam, Ueber die Pyth. der. Kans.—Kreide, Pal., xut, 
p. 35, 1895. 

‘«This species is represented in the Munich collection by the 
nearly complete, though very fragmentary upper jaw, premax- 
illary, anddentary. The premaxillary is drawn out into a sharp 
point and possesses four teeth, which are rounded at their base 
and which show anteriorly a tolerably strong, on the distal 
third of the outer side a very weak carina. The maxille have 
the border for the premaxillary oblique as far as the fifth tooth. 
The maxillary teeth, like those of the dentary, are rounded at 
the base and compressed toward the apex, with a strong carina 
anteriorly and a somewhat lateral one posteriorly. Toward the 
hind end of the jaw the teeth are more strongly compressed and 
at the end strongly so. All the teeth are quite smooth, and 
may be compared with those of Liodon Owen, from which they 
are scarcely or not at all different.’’ 

The teeth are unknown in C. cineriarum and C. westii, either 
of which may be the same. 
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Clidastes westii. 


Clidastes westii Williston and Case, Kans. Univ. Quart., 1, p. 29, 1892. 


The specimen upon which this species was based consists of 
a complete lower jaw, quadrate, fragments of the skull, the 
larger part of the vertebral column, and the incomplete hind 
and fore paddles. The vertebre preserved are in two series, 
the one, numbering thirty-three, continuous with the skull; the 
other, sixty-three in number, all chevron caudals. The termi- 
nal caudals preserved indicate that there were several more in 
life, perhaps eight or ten; the first of the series was evidently 
among the first of those which bore chevrons. Altogether, the 
tail may have had seventy-five chevron caudals. The length 
of the two series are respectively seventy-one and seventy-two 
inches. Assuming that there was the same number of precau- 
dal vertebre as in Clidastes velox, the entire vertebral column 
would have measured in life fifteen feet and four inches. The 
lower jaw shows the skull to have been very nearly twenty-four 
inches in length, giving a total length for the animal when 
alive of seyenteen and one-half feet. It is thus seen that the 
species is one of the largest of the genus. 

While the skeleton was only about one-half longer than that 
of C. velox described in the foregoing pages, or of about the same 
length as a very complete specimen of C. tortor in the museum 
collection, the proportions of the animal were very much stouter. 
The figures given in plate ti of the twenty-fifth, or eigh- 
teenth dorsal, vertebra will show the proportions between length 
and breadth. It is upon these remarkably stout proportions, 
and the shape of the articular faces as indicated by the figures 
and the measurements appended, that the species is chiefly dis- 
tinguished from those previously known. The articular sur- 
faces of the basal caudal vertebrae are remarkably triangular in 
shape, with the angles rounded and the sides of nearly equal 
length. This triangular shape is persistent for the first twenty 
of the series as they are preserved. The paddles, as shown in 
plates xxxv and xxxvi, show much stouter proportions than in 
any other known species. 
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The coracoid is rather more transversely expanded than in, 
C’. velox, with the posterior border more couvex. There is no 
emargination whatever. The scapula is not unlike that of 
C. velox. The humerus differs slightly only in that the radial 
border is more nearly the length of the ulnar, and that the 
distal facets for the radius and ulna are more obliquely placed 
to each other. The radius is very distinctly different in the 
much shorter free outer border, which is shorter than the 
articular surface of the proximal articular surface. The articu- 
lation for the radius is placed less obliquely to the long axis 
and more nearly at right angles to the outer cartilaginous border, 
which is here less convex and more nearly parallel to the long 
axis of the bone. The ulna shows only slight differences; on 
the outer side of the distal articular surface there is a distinct 
facet for the medial carpal, wanting in C. velox. 

Of the carpals, the radial is broader on its outer side, remoy- 
ing the first metacarpal further from the radius. Its proximal 
inner angle is not at all emarginate to help form the free border 
between the radius and ulna. The medial is rather broader 
from side to side, the free border more concave and extending 
from the radius to the ulna; on the inner side the bone articu- 
lates for a short distance with the ulna, which is not at all the 
case in C. veloc. The ulnare and the bones of the distal row 
resemble those of C. velox closely. Of the metacarpals the 
fourth is peculiar in having the proximal inner angle much 
produced, so that the proximal articular surface is sinuous, and 
very oblique to the long axis of the bone. 


Measurements. 


Lene thiol dentary.: <6... oer < oe ane ae cee oe taee Ce. EES ee 400 mm. 
Depthvopposite the first tooth:. = 2... =e > aa ee ee See eee ee eee 20 
Depth opposite last; tooth.) 0424. ese ie = oie ae oe eee 62 
Mntire.extent of mandible;, .,....ocs6 ws ise een eee thes oo ee Bee 0330, 
Greatest depth at. coronoid precess:... os 022.5 <8! asses eae eee 95 
Length of axis with odontoid process... °° ..22-- /2.....525..-0- ee eeee 80 
Length of axis without odontoid process..................--.+2---s: 70 
Vertical diameter'of ball ..o.-2.).4 4-55. 26 eee ss oo eee eee 24 
Transverse diameter. of balla: 8.2. 655 3-26 boss Sess oe eee 33 
Length of fourth cervical vertebra to rim of ball..................... 49 


Eixpanse:of Giapophyses «<2 Bok. sos... os < ss eee sce eee 82 


WILLISTON. | Mosasaurs. 207 


Length of fifth cervical to rim of ball... 22... ..26.5...5.:- OMG (yas 49 mm. 
IRraneverse GiaMeLen Of all coi ea ee Nie aietoseiclane ks a ey te 35 
Mxpanse Ohidia pophysesers, .cscie tees wee aie. cel ceedere aie velaheccretakulper stars 90 
Length of fourteenth vertebra torim of ball......................... 54 
ransverse diameter ofiballhmcecps ssc eee ee eee eile 40 
Werticalidiameterofiballl sais aero to eis ee ie teers er aenine 33 
Length of eighteenth vertebra torim of ball..................... Joe) 0) 
iEransversediamoeter: of balls sen scene ie ace ene cio 40 
Merticalidiameteriofiball amnesic Ao ee ae eee eee eerie 36 
Meneth of thirtiethsvertebralto mim of ball eens ce ee 54 
Mransverse diameter Of ballin sos Nee ee Ree eg ae ee 46 
Ben FL VOM GMaGTa Loser ee ah ee aa hy eT ERE VM te 65 
eno Ebi Ore numenusisys sees SA ete 28 st ae Na UOT ny Ree er SVR Na RI 92 
Men thy OMAGH Geer see oy ref ee eee a LSA are EAS Reet retina 68 
1 Drayaye 8 01:00) mW VAR = cick ae ei GSO Gie ore inte mae ee nny eau Ciera Ne Nea Aa esa 65 
eT OGM OLA OM AT cera 0 Ry aerate care ince rey AN eS RATE RN Ln 95 


Length of tibia 


The specimen upon which this species is based was collected 
by Chas. Sternberg, from near McAllaster, in the Fort Pierre. 


GENUS INCERT SEDIS. 
Baptosaurus. 


Halisaurus Marsh, Amer. Journ. Sci., xu111, Nov. 1869 (preoc.) 
Baptosaurus Marsh, Proc. Phil. Acad., xx111, Jan. 1870. 


This genus was based upon a New Jersey species, represented 
‘by a posterior cervical and an anterior dorsal vertebra; the 
right splenial bone with its concave articular face, and a small 
portion of the base of theskull.’’ Another species (4. fraternus 
Marsh) from the same region was established on an anterior 
dorsal and two posterior dorsal vertebre, found not far from 
each other, and probably part of the same series.’’ The charac- 
ters given for the type species (HH. platyspondylus Marsh) are 
as follows: ‘‘ This species is especially characterized by the 
great depression of the centra of the vertebrae, which gives the 
articular ball and cup a very transverse elliptical outline, ex- 
ceeding in this respect apparently those of any other reptile. 
The vertebre, so far as known, are also elongate, and without 
the zygosphenal and zygantral articulation.’’ The coossifica- 
tion of the cervical hypapophyses is also given as a distinctive 
character. — 
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Baptosaurus onchognathus. 


Baptosaurus onchognathus Merriam, Ueber die Pyth. der Kans.-Kreide, 36, 
1894, 


‘“‘Among the material collected by Mr. Sternberg there was, 
in one of the boxes, some vertebree and parts of a skull of like 
appearance. They belong, apparently, to the same individual. 
The single fragment of a jaw [pl. xxv, f. 6, after Merriam] 
agrees, except the abnormal articular, with Platecarpus or Tylo- 
saurus, distinct, however, in that the upper border of the articu- 
lar, immediately behind the cotylus, instead of being directed 
downwardly at an angle of about forty degrees, is turned ver- 
tically upwards into a high process, from which the hind end of 
the lower jaw has a hook-like appearance. Alsoat the posterior 
inferior angle, where in Platecarpus and Tylosaurus there is an 
elongated thickening, the border is thickened suddenly to more 
than twice the thickness behind this place, and then becomes 
suddenly thinner below the posterior end of the cotylus. There 
is a much crushed quadrate present, which possesses a supra- 
columellar [suprastapedial] process very much like that of 
Platecarpus.’’ In a note he says: ‘‘ Since the completion of the 
manuscript I have seen the original of Professor Marsh’s Bap- 
tosaurus, and am convinced that the remains in the Munich 
museum really belong to the genus Baptosaurus.’’ See, also, 
Opa on ni es) 

The lower jaw is so extraordinary that there will be no 
trouble in referring a similar structure to the same genus, not- 
withstanding the absence of other information concerning the 
species. The type species appears to have been much distorted 
from pressure, which may render the specific recognition some- 
what difficult. 

The absence of all information concerning the genus, ex- 
cept, practically, what is given above, prevents much if any- 
thing being said about its proper position. The types of the 
genus are from a much higher horizon than the Kansas species 
(which may be, however, from the Pierre) and it would be 
remarkable if the genus should be found to really occur in 
both places. It would seem strange that, in all the many hun- 


WILLISTON. | Mosasaurs. | 209 


dreds of specimens of Mosasaurs taken from the Kansas chalk 
previously and since, no other specimen has been found, I be- 
lieve, that can be referred to this genus. The species remains 
as a problem which I fear will not be fully solved soon. 


RESTORATION OF THE KANSAS MOSASAURS. 


In plate Lxxii are given restorations of the three well-defined 
-types of Mosasaurs from the Kansas Niobrara Cretaceous — 
Clidastes, Platecarpus and Tylosaurus. They are based exclu- 
sively upon the material in the University of Kansas museum, 
and have been drawn with the greatest care. But very little 
about them is in any ways conjectural. 

Clidastes is restored from a single specimen, discovered by 
myself on Butte creek,in Logan county, in the summer of 1891. 
It is, I believe, the most perfect specimen of a Mosasaur in any 
museum of the world. Another specimen, nearly as complete, 
of Clidastes tortor, collected by the late EK. P. West two or three 
years previously, has offered some suggestions in the arrange- 
ment of the bones. The specimen of C. velox lacks some of the 
terminal phalanges of the front paddle, and many of the hind 
paddle; it is, therefore, not certain that these parts are correct 
in all details. That there could have been many more or less 
phalanges than what-are figured, is impossible, since the ones 
preserved largely determine the number that are missing. 

Platecarpus is based chiefly upon a single specimen, compris- 
ing the nearly complete disarticulated skull and a connected 
series of the vertebre to beyond the middle of the tail, the sixty- 
fifth, together with the pectoral and pelvic girdles and many of 
the bones of the limbs. All the limb bones are present in other 
specimens of the same species. The position of the digits of 
the front paddle has been determined by the paddle of P. ictericus 
figured in plate xiiv; that of the hind paddle by the figure 
given by Marsh.” As in Clidastes, some of the digits may have 
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had afew phalanges more or less, but certainly not enough to 
perceptibly modify the general form. Theonly parts conjectural 
in the restoration are the number of the thoracic ribs and the 
precise number of the caudal vertebree with chevrons. There 
are no characters present in this or any other genus by which 
the number of thoracic ribs may be determined save by their 
actual preservation in situ. That they were materially different 
from what is figured, is impossible, since many of the short ribs 
are preserved in some of the specimens. Isolated caudal verte- 
bree and partly connected series are present in other specimens, 
from which it is evident that the tail agrees in its general char- 
acters well with thatof Tylosaurus. They may have been a few 
more or less of the small vertebrae, but certainly not enough to 
perceptibly modify the length in the restoration. 

Tylosaurus is based almost wholly upon three specimens in 
the museum, one with the posterior part of the head and the 
absolutely complete series of vertebree, connected from head to 
tip of tail, collected by E. P. West; the second, with the skull 
and cervical vertebre equally complete, obtained from Mr. H. 
T. Martin; the third, with the paddles nearly complete, together 
with many ribs and vertebre. This last specimen is the one 
collected by Professor Snow, in which the skin is preserved as 
figured in plate Lxx. 

Each of the three animals thus restored has its own peculiar 
characters, representing three distinct types of the group, which 
I have already defined. The skull of Platecarpus is the broad- 
est; that of Tylosaurus the slenderest. The jaw teeth are most 
numerous in Clidastes; the fewest and most powerful in Platecar- 
pus. The pterygoid teeth, on the other hand, are the strongest 
in Tylosaurus; smallest and least effective in Platecarpus. Cor- 
related with these dental peculiarities are the large size of the 
paddles in Platecarpus, and the small size in Tylosaurus. The 
skull of Platecarpus has a more rounded contour posteriorly, and 
the striking size of the quadrate is conspicuous. 

In Clidastes the slenderness of the body, the shortened and 
small thorax, the much greater length of the lumbo-dorsal re- 
gion, and the proportionally shorter tail are all noticeable. The 
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preterminal dilatation of the tail, together with the more elon- 
gate chevrons and their rigid coossification with the centra, all 
show a more powerful propelling organ than is the case with 
either of the other genera. 

The differences in the paddles in the three genera are alse 
conspicuous, those in Platecarpus being the largest, and those of 
Tylosaurus the smallest. The hind paddles in Tylosaurus are 
the largest and the least reduced. Hyperphalangy is carried to 
the greatest exfent in Tylosawrus, where the fifth digit of the 
front paddle, also, is not at all reduced. On the other hand, 
the phalanges are least numerous in Clidastes. The flexibility 
is greatest in Tylosaurus, where mobility is obtained at the ex- 
pense of strength. In Clidastes the opposite extreme is seen. 
In the one, control over the different movements through the 
water was due chiefly to the tail; in the other, to the hmbs. 
In Clidastes the bones of the limbs are all closely articulated, 
and the tarsus and carpus are fully ossified. In the other 
genera, and especially in Tylosaurus, the limb bones had a 
greater amount of cartilage between them and the joints were 
correspondingly less well formed and less perfect. In Clidastes 
the ossification of the bones is more complete; their texture is 
finer and more solid, and the bones are less liable to distortion 
or compression. 

Upon the whole, Platecarpus combined the greatest flexibility 
with the greatest strength, and was, for its size, the most pow- 
erful and most pugnacious of the Kansas Mosasaurs. In later 
geological times its prowess was doubtless contested by the 
species of Mosasaurus proper. In the Kansas seas, however, 
Platecarpus ictericus was, | believe, the king of the Mosasaurs, 
though neither the largest nor the most fleet in its movements. 

In size, the maximum among the Kansas Mosasaurs was 
reached in Tylosaurus dyspelor, which may have attained a length 
of thirty-five feet, with a head measuring four feet in length, 
The smallest and most graceful of all was Clidastes pwmilus, 
which had a length of about six feet. A few species larger than 
T. dyspelor are known from New Jersey, some possibly attaining 
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a length of thirty-seven or thirty-eight feet, and some species 
yet larger are, I believe, reported from Europe. I am confident, 
however, that there neyer has been a Mosasaur in existence — 
certainly none whose remains are now known— whose length 
was greater that forty-five feet. The text-books and popular. 
descriptions place the length of these animals at from 75 to 100 
feet. : 

The habits of the animals when alive are not hard to conjec- 
ture. They were marine lizards, iving for the most part in 
shallow waters, though, often, especially the largest species, 
venturing far out to sea. That they did not usually frequent 
deep water, as did the Plesiosaurs, is probable. ‘There are peb- 
bles from the stomach of a Plesiosaur in the University museum 
which must have been brought to Kansas from hundreds of 
miles away — longer journeys than I believe the Mosasaurs ever 
made. Perhaps this fact will account for the entire absence, so 
far, of the Mosasaurs in the Benton rocks, while they do occur 
most abundantly in the shallower water deposits of the Niobrara 
in Kansas, especially towards the close of the epoch. 

While the flexibility and loose union of the jaws doubtless 
permitted animals of considerable size to be swallowed, the 
structure of the pectoral girdle would never have permitted any 
such feats of deglutition of which the python and boa are 
capable. It has_ been supposed that the lower jaws were capa- 
ble of an anterior prolongation in swallowing their prey, but 
such must have been very slight, since the union with the 
pterygoid is too firm to permit much, if any, motion here. In 
the pictures of the skull, the remarkable, though incomplete, 
ball-and-socket joint back of the middle of the jaw is conspicu- 
ous, differing in this respect from all other reptiles, ancient 
or modern. That there was any degree of vertical motion 
here is scarcely possible, since the union of the jaw above was 
too close. As has been described, a thin plate of bone passed 
across the joint and was ensheathed within the presplenial, per- 
mitting probably a small amount of lateral bending, but little 
or none of vertical. The animals living in the water, with no 
solid objects to aid in deglutition, the body not serpentine 
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enough to coil about the prey and hold while being forced down 
the gullet, and the limbs non-prehensile and small, it is seen 
that, without some peculiar modification of the jaws, food would 
have been swallowed with difficulty. This peculiar modification 
is seen in the structure of the joint in the jaws. It has been 
supposed that the prey, after seizure, was pulled down the 
throat by the alternate protrusion and fixing of the separated 
jaws. This, however, could not have been true. The man- 
dibles in front, while not rigidly connected, yet show igamen- 
tous union, and, as we have seen, the quadrates were largely 
fixed by the pterygoids posteriorly. The jaws, acting together, 
pulled the prey backward by the lateral bending at the articu- 
lation, and then both were disengaged after the upper jaw teeth 
and the pterygoid teeth had been inserted. Possibly a saurian 
of the largest size might have swallowed entire an animal as 
large as a two year-old-calf, but I doubt the possibility. Their 
food was evidently the numerous small fishes that swarmed the 
seas with them, with perhaps an occasional animal of their own 
kind. Possibly this will account for the fact that young Mosa- 
surs are almost unknown as fossils. 

““ The habit of swallowing large bodies between the branches 
of the under jaw, necessitates the prolongation forward of the 
mouth of the gullet; hence, the throat in the Pythonomorpha 
must have been loose and almost as baggy as a pelican’s. 
Next, the same habit must have compelled the forward position 
of the glottis or opening of the windpipe, which is always in 
front of the gullet. Hence these creatures must have uttered 
no other sound than a hiss, as do animals of the present day 
which have a similar structure, as, for instance, the snakes. 
Thirdly, the tongue must have been long and forked, and for 
this reason: its position was still anterior to the glottis, so that 
there was no space for it, except it were inclosed in a sheath 
beneath the windpipe when at rest, or thrown out beyond the 
jaws when in motion. Such is the arrangement in the nearest 
living forms, and it is always in these cases cylindrical and 
forked.’’ The above, by Cope, was written under some misap- 
prehensions of the true nature of these animals. Still I believe 
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that he was correct for the most part. The skin of the neck was 
not necessarily more bagged than that of Varanus, and the 
sounds uttered by the animals must have been practically such 
as are uttered by Varanus, since the structure of all the parts 
here was doubtless the same in both animals. Varanus has a 
long, forked tongue, and I do not doubt but that the Mosasaurs 
had such also. 

The Mosasaurs must have been practically helpless on land. 
They were not sufficiently serpentine, especially Tylosaurus and 
Platecarpus, to move about on terra firma without the aid of 
limbs, and these were not at all fitted for land locomotion. 
That they may have frequented the beaches for the purpose of 
depositing their eggs is probable, though not certain. They 
were certainly not viviparous. 

That they were pugnacious in the extreme is very evident 
from the many scars and mutilations which they suffered dur- 
ing life. I have observed exostosial growth in their lower jaws, 
the vertebrz, especially those of the tail, and the paddles, espe- 
cially the digits. In some the mutilations have been extensive. 
One tail of a Platecarpus has the spines of the distal half of the 
tail broken off and false joints produced. Never have I known 
of a case where there has been evidence of ante-mortem loss of 
the tail, or any part of it. A paddle of another specimen, fig- 
ured in part in plate Lv1, has the bones of the forearm, carpus 
and metacarpals all united by exostosis. 

Coprolites which I have always had reason to believe were 
from these animals are in some places very abundant, weigh- 
ing from an ounce or two up to a half pound or more. They are 
ovoidal in shape, with sphincter or intestinal impressions upon 
them, and contain very comminuted parts of fish bones, fish 
scales, etc. 

Whether or not they are Mosasaurian in origin, I doubt not 
that the food of the Mosasaurs consisted almost exclusively of 
fishes, living or dead, and such small animals as drifted upon 
the water. Their bones frequently bear the impression of teeth, 
of post-mortem origin, and in many cases I have found the teeth 
of small sharks imbedded in them. Invariably, after long ex- 
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perience, I have learned that a missing part of a specimen 
could never be found in the immediate vicinity. A distance of 
a single foot without a bone always means that no more of the 
skeleton may be found in extensive excavations. 

And yet, some disturbances of the bones took place after fall- 
ing to the bottom ; vertebre are dislocated and paddle bones al- 
most always separated. The skull is always attached firmly to 
the vertebral column. When one finds a cervical vertebra 
joined to its mate, he may confidently expect that the head will 
be uncovered by further excavation. 

Bones of the hind paddles are always much less common 
than those of the front, and such bones in position are among 
the greatest of rarities. 

The animals were covered completely by a scaly skin, the 
scales in size and shape so closely resembling those of a large 
monitor that a further description is unnecessary. Buta single 
specimen showing these scales is known, that of the Tylosaurus 
which has furnished the best paddles of the genus yet known. 
The specimen was discovered by Chancellor Snow many years 
ago on Hackberry creek in Gove county, and the large slab 
with the bones was safely transported to the museum. Plate 
LXIx is made from the electrotype originally used by Chancellor 
Snow in the description of the skin.“ In plate Lxx is given a 
reproduction from the photograph which was used in the pro- 
duction of the wood engraving. The two together will convey 
a most perfect idea of the skin. The impression, or rather the 
carbonized scales themselves, are from the anterior part of the 
body, from the region over or just back of the scapula. 

In plate LxxI is given a restoration of Clidastes velox as it is 
believed it appeared in life, based upon all the evidences 
given in the foregoing pages. It is not possible that the picture 
can be very far from the real truth. Whether or not the ani- 
mal had colorational markings, it is of course impossible to say, 
but that its shape was nearly like what the artist has depicted 
is fairly certain. Possibly the abdominal region was larger 
than is shown, but I believe not. 
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The frontispiece, from a painting by Mr. J. Carter Beard, the 
well-known artist, has been for the most part based upon the 
restorations of the present volume, and others published else- 
where by myself. It is, I believe, as nearly correct as it is 
possible for such an ideal representation of extinct animals to 
be. The Petrodactyls and Plesiosaurs, not treated in the pres- 
ent volume, will be fully described and figured in the next one 
of this series, I trust. It is not at all probable that the sauri- 
ans were often upon land, as they are represented, though pos- 
sible. 
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EXPLANATION OF PLATES. 


(Pages 223-347.) 


The following abbreviations apply to all the plates of the skull: 


Ang, angular. Max, maxilla. Prsp, presplenial. 
Art, articular. Na, nares. Pig, pterygoid. 
Bo, basioccipital. Oe, occipital condyle. Q, quadrate. 

Bs, basisphenoid. P, parietal. S', squamosal. 
Cor, coronoid. Pal, palatine. So, supraoccipital. 
Dn, dentary. Pet, petrosal. Spl, splenial. 
Eo, exoccipital. Pfr, prefrontal. St, stapes. 

Fr, frontal. Pmx, premaxillary. Sur, surangular. 
Jug, jugal. Po, postorbitofrontal. Tr, transverse. 
I, \achrymal. Prs, prosquamosal. V, vomer. 
PLATE X.—Skull of Clidastes velox Marsh, from the side. 


PLATE 
PLATE 
PLATE 
PLATE 
PLATE 
PLATE 
PLATE 
PLATE 
PLATE 
PLATE 
PLATE 
PLATE 


XI.—Skull of Clidastes velox Marsh, from above. 
XII,—Skull of Clidastes velox Marsh, from below. 
XIII.—Skull of Platecarpus coryphcus Cope, from the side. 
XIV.—Skull of Platecarpus coryphceus Cope, from above. 
XV.—Skull of Platecarpus coryphcus Cope, from below. 
XVI.—Skull of Tylosaurus proriger Cope, from the side. 
XVII.—Skull of Tylosaurus proriger Cope, from above. 
XVIII.—Skull of Tylosawi us proriger Cope, from below. 
XIX.—Skull of Mosasaurus horridus Williston, from the side. 
XX.—Skull of Mosasaurus horridus Williston, from above. 
XXI.—Skull of Mosasaurus horridus Williston, from below. 


XXII.— Upper figure, maxilla and mandible of Brachysaurus over- 


tonii Williston (the articular and splenial bones are shown from the inner 
side, the other bones from without); lower figure, left mandible of Plate- 
carpus corypheus, from the inner side, 


PLATE XXIII.—Upper figure, left mandible of Clidastes westii Williston, 
from the outer side; lower figure, right mandible of Clidastes tortor Cope, 
from the inner side. 


218 University of Kansas Geological Survey. 


PLATE XXIV.—Fig. 1, right pterygoid of Platecarpus coryphceus, from be- 
low; fig. 2, premaxilla of same, from below; fig. 3, the same, from above; 
fig. 4, postorbitofrontal of same, from within; fig. 5, left jugal of same, from 
without; fig. 6, sternum of Clidastes velox Marsh, after Marsh; fig. 7, left 
quadrate of same, from without. 


PLATE XXY.— Fig. 1, left maxilla of Platecarpus corypheus, from without; 
fig. 2, the same, from within; fig. 3, prefrontal of same; figs. 4, 5, .trans- 
verse bones of same; fig. 6, posterior part of mandible of Baptosaurus 
onchognathus, after Merriam. 


PLATE XXVI.— Platecarpus corypheus. Fig. 1, parietal, from above; fig. 
2, frontal, from above; fig. 3. frontal, from below; fig. 4, left prosquamosal, 
from without. 


PLATE XXVII.—Upper figure, posterior view of skull of Platecarpus cory- 
pheus; fig.1, radius of Clidastes westii, la, ulna; fig. 2, radius of C. tor- 
tor, 2a, ulna of same; figs. 3, 4, radii of C. velox; 3a, 4a, ulne of same. 


PLATE XXVIII.—Fig. 1, quadrate of Clidastes velox, from within; fig. 2, the 
same, from without; fig. 3, the same, from in front; fig. 4, the same, from 
behind; fig. 5, pterygoid tooth of Platecarpus corypheus, enlarged; fig. 
6, mandibular tooth of Clidastes tortor, enlarged; fig. 7, mandibular tooth 
of Platecarpus corypheus, enlarged; fig. 8, radius of Platecarpus cory- 
pheus. 


PLATE XXIX.—Fig.1, mandibular tooth of 7ylosaurus proriger, from within, 
showing socket of successional tooth, enlarged; fig. 2, posterior cervical 
vertebra of Clidastes tortor, from behind, showing zygantrum; fig. 3, 
sclerotic plates of Platecarpus corypheus, enlarged; fig. 4, anterior end 
of vomer of Platecarpus corypheus, from without, enlarged; fig. 5, un- 
determined bone of Platecarpus corypheus, enlarged. 


PLATE XXX.— Brachysaurus overtoni. Fig. 1, mandibular tooth, natural 
size; fig. 2, frontal bone, from above; fig. 3, left quadrate, from within; 
fig. 4, posterior cervical vertebra, from behind; 4a, the same from below; 
fig. 5, median caudal vertebra, from behind; fig. 6, humerus; fig. 7, unde- 
termined paddle bone. Except fig. 1, one-half natural size. ' 


PLATE XXXI.—Figs. 1, 2,3, hyoid bone of Platecarpus, natural size, after 
Marsh; figs. 4, 5, pygal vertebra of Platecarpus corypheus, from behind 
and from the side; fig. 6, coracoid and scapula of Clidastes velox, from 
behind; fig. 8, part of hind paddle of Mosasaurus lemoinii, after Dollo, 
much reduced. Other figures one-half natural size. 


PLATE XXXII.— Left figure, part of left paddle of Mosasasurus horridus, 
one-third natural size; h, humerus; R, radius; U, ulna: J, first meta- 
carpal; right figure, right quadrate of Mosasaurus horridus, from within, 
two-thirds natural size. 


PLATE XXXIII.—Incomplete left front paddle of Clidastes velox: C, cora- 
coid; S, scapula; Hm, humerus; J, first digit; V, fifth digit. 
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PLATE XXXIV.— Pelvis and part of left hind paddle of Clidastes velox: Il, 
ilium; P, pubis; Js, ischium; F, femur; 7, tibia; i, fibula; Za, tar- 
sal Jme, first metatarsal. Three-fourths natural size. 


PLATE XXXY.— Pectoral girdle and part of right front paddle of Clidastes 
westii: S, scapula; C, coracoid; H, humerus; Af, radius; U, ulna; J, 
IT, and JV, first, second and fourth metacarpals. 


PLATE XXXYVI.— Part of right hind paddle of Clidastes westii: femur, tibia, 
fibula, tarsals, and first metatarsal. 


PLATE XXXVII.— Right scapula and coracoid of Clidastes tortor, from with- 
out: S, scapula; C, coracoid. 


PLATE XXXVIII.— Part of left front paddle of Clidastes tortor: h, hu- 
merus: 7, radius; wv, ulna; we, ulnare; re, radiale; o, third carpal of distal 
row; /me, first metacarpal. 


PLATE XXXIX.—Upper two figures: proximal and distal ends of humerus of 
Clidastes westii; right-hand figure, right pelvic bones of Clidastes tor- 
tor, the upper element the ilium, the lower right one the pubis, the lower 
left one the ischium; lower left-hand figure, the left pelvic bones of Cli- 
dastes dispar Marsh, after Marsh. 


PLATE XL.—Tylosaurus proriger. Fig. 1, femur, from below; fig. 2, ilium; 
fig. 3, right ischium, from without; fig. 4, left ischium, from within; fig. 5, 
femur, from above; fig. 6, radius; fig. 7, metacarpal; fig. 8, ulna; fig. 9, 
radius; figs. 10 and 11, indeterminate bones of Brachysaurus overtonit. 


PLATE XLI.—Fig. 1a, left ilium"of Tylosaurus proriger, from without: 1b, 
pubis of same; Ic, ischium of same; fig. 2, pubis of Platecarpus,; fig. 2a, 
ischium of same; fig. 3, posterior cervical vertebra of Baptosaurus on- 
chognathus, from behind, after Dollo; fig. 4, posterior cervical vertebra 
of T. dyspelor, from behind; fig. 5, the same, from the side. 


PLATE XLII.—Fig. 1, Pygal vertebra of Tylosaurus dyspelor, from behind; 
fig. 2, the same, of another specimen, from in front; figs. 3, 4, median 
dorsal vertebra of Platecarpus corypheus, from the side and from be- 
hind; figs. 5, 6, posterior cervical vertebra of Clidastes tortor, from be- 
hind and from the side. 


PLATE XLIII.—Platecarpus ictericus: S, scapula, from without; C, right 
coracoid, from without. 


PLATE XLIV.—Right front paddle of Platecarpus ictericus, from above, after 
a drawing made in situ by the author: H, humerus; Ff, radius; U, ulna; 
MC, metacarpals; J and J/, JIT, IV, V, first to fifth digits. 


PLATE XLY.— Fig. 1, radius of Platecarpus, side and end views; fig. 2, tibia 
(?) of Platecarpus, side and end views; fig. 3, humerus of ? Platecarpus 
crassartus, after Cope; fig. 5, dorsal vertebra of same, from below; fig. 4, 
indeterminate paddle bone of same. 
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PLATE XLVI.— Left humerus of Platecarpus corypheus, from below; fig. 2, 
distal end of same; fig. 3, the same, from above; fig. 4, proximal end of 
same; s, scapula of Tylosaurus dyspelor, from without; ¢, coracoid of 
same, from without; s, right scapula of 7. dyspelor, from without; c, 
coracoid of same. 


PLATE XLVII.—Left-hand figure, frontal bone of Clydastes tortor, from 
above ; right-hand figure, right pelvic bones of Platecarpus simmus, after 
Marsh, from without: a, ilium; 0, ischium; ¢, pubis; d, femur. 


PLATE XLVIII.—Coracoid and front paddle of 7. proriger, as imbedded in the 
chalk, the left-hand figure, outlines of the bones as determined from the 
two sides of the slab. 


PLATE XLIX.— Left pelvic bones of 7. proriger, as imbedded in the same slab 
as the preceding; the lower right element is the pubis; the left, the ischium. 


PLATE L.—Hind paddle of Tylosaurus proriger, in matrix: f, femur; f”, 
fibula; ¢, tibia; ta, tarsal; mc, metatarsal; Vm, fifth metatarsal. 


PLATE LI.— Platecarpus corypheus, in matrix: fig. 1, right humerus, from 
below; fig. 2, left coracoid, from without; fig. 3, right scapula, from within; 
fig. 4, left humerus, from above; fig. 5, carpal; fig. 6, radius; fig. 7, 
cervical hypapophysis; figs. 8, 9, cervical ribs; figs. 10, 11, 12, thoracic 
ribs; fig. 13, cartilage. 


PLATE LIIl.—Platecarpus corypheus: fig. 1, left humerus, from below; 
fig. 2, ulna; fig. 3, right lateral piece of atlas, from within. 


PLATE LIII.—Fig. 1, thirty-eighth vertebra of Clidastes westii, from behind; 
fig. 2, the same, from below. 


PLATE LIV.—Pygal vertebrz, from behind: fig.1, Tylosaurus sp., from Fort 
Pierre; figs. 2, 3, Platecarpus corypheus; fig. 4, Clidastes tortor; fig. 
5, anterior caudal vertebra of same. 


PLATE LV.—Bones of Tylosaurus proriger, in matrix: fig. 1, radius; fig. 2, 
humerus; fig. 3, coracoid; fig. 4, cartilage. 


PLATE LVI.~Figs. 1, 2, 4, femora of Platecarpus corypheus; fig. 3, radius; 
fig. 5, radius, carpus, and part of metacarpus, showing exostosial growth. 


PLATE LVII.—Figs. 1, 2, radii of Platecarpus sp.?; fig. 3, tibia of Clidastes 
sp.; fig. 4, tibia of Platecarpus corypheus; fig. 5, fibula of same; fig. 6, 
metatarsal of same; fig. 7, fifth metatarsal of same; figs. 8, 9, 10, tarsals 
of same. 


PLATE LVIII.-—Figs. 1, 2, 3, radii of Platecarpus corypheus; figs. 4, 5, 6, 
ulnz of same; fig. 7, radial carpal of same; fig. 8, ulnar carpal of same; 
figs. 9, 10, distal carpals of same. 


PLATE LIX.—Tylosaurus dyspelor: fig. 1, humerus; fig. 2, radius; fig. 3, 
ulna; figs. 4-8, metacarpals and phalanges. 
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PLATE LX.—Fig. 1, right quadrate of Tylosaurus proriger, from behind ; 
fig. 2, left quadrate of same, from within; fig. 3, left quadrate of Plate- 
carpus corypheus, from without; fig. 4, right quadrate of Clidastes 
westii, from in front; fig. 5, right quadrate of Clidastes tortor, from 
without; fig. 6, right quadrate of Clidastes velox, from behind; fig. 7, 
left quadrate of same, from within. 

PLATE LXI.—Figs. 1, 2, quadrates of Tylosaurus dyspelor, from without and 
within; fig. 3, right scapula of Platecarpus corypheus, from without ; 
fig. 4, left quadrate of Clidastes tortor, from within. 


PLATE LXII.— Fig. 1, humerus of Brachysaurus overtonii; fig. 2, coracoid 
of same; fig. 3, skeleton of Clidastes velox, in matrix. 


PLATE LXIII.— Platecarpus corypheus: fig. 1, parietal bone, from below; 
fig. 2, petrosals, from behind; fig. 3, left jugal, from within; fig. 4, left 
prosquamosal, from within; fig. 5, odontoid; fig. 6, atlantar intercentrum ; 
figs. 7, 8, lateral pieces of atlas, from within and without; fig. 9, coronoid ; 
fig. 10, surangular, from within; fig. 11, articulo-angular, from within. 

PLATE LXIV.—Fig. 1, left quadrate of Clidastes tortor, from behind; fig. 2, 
left quadrate of Platecarpus corypheus, from without; anterior caudal 
vertebre of Platecarpus corypheus, in matrix; quadrates of same. 


PLATE LXY.—Posterior thoracic and anterior dorsolumbal vertebrz and ribs 
of Tylosaurus proriger, in matrix. 

PLATE LXVI.— Posterior caudal vertebrie of Tylosaurus proriger, in matrix. 

PLATE LXVII.—Terminal caudal vertebre of Tylosaurus proriger, in mat- 
rix, continuation of those in plate LXVI, the proximal ones showing 
ante-mortem injuries. 

PLATE LXYVIII.—Slab with specimen of Tylosaurus proriger, on which im- 
prints of skin occur; the impressions are at the left side below the verte- 
bre and ribs. 


PLATE LXIX.—Skin impression of Tylosaurus proriger. 
PLATE LXX.— Photographic reproduction of part of plate LXIX, reversed. 
PLATE LXXI.—Restoration of Clidastes velox, as in life, the middle figure; 


restoration of Uintacrinus socialis at left; restoration of Ornithostoma 
ingens at right. 

PLATE LXXII.—Restoration of the skeletons of Kansas Mosasaurs: fig. 1, 
Clidastes velox; fig. 2, Platecarpus corypheus; fig. 3, Tylosaurus 
proriger. 4 
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TURTLES. 


INTRODUCTION AND DESMATOCHELYS. 
By S. W. WILLISTON. 


TOXOCHELYS. 
By E. C. CASE. 


Plates LXXIII-LXXXIV. ° 
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CRETACEOUS TURTLES. * 


INTRODUCTION. 


From the Upper Cretaceous of Kansas four genera and six 
species of turtles, or Testudinata, all marine, are now known — 
one from the Benton and the others from the Niobrara. The 
largest of these, and in many respects the most remarkable of all 
fossil turtles, is the gigantic Protostega, an animal that may have 
reached a length of twelve or more feet. The others are much 
smaller, probably never more than five or six feet in length. 
Toxochelys is by far the most common of them all, its remains 
being found, especially in the upper or yellow chalk of the Nio- 
brara, often in abundance. Protostega has recently been fully 
described and figured,” chiefly from the material in the Univer- 
sity of Kansas museum, by Professor Case, and the description 
it is not thought desirable to reproduce here. The Toxochelys 
remains of the museum have been thoroughly described for the 
present work by Professor Case, whose studies in this group 
have well fitted him for the task. 

Desmatochelys occurs in the state, though the type specimen 
came from Fairbury, Neb., near the Kansas line, in the Benton. 

Remains of turtles are among the most frequent of vertebrate 
fossils in nearly all the formations from the Triassic to the pres- 
ent time. Unfortunately, while their distribution has been very 
general, indicating wide-spread abundance, the remains are 
usually fragmentary, complete or even approximately complete 
specimens being comparatively rare. For this reason our 
knowledge of the fossil forms is yet far from satisfactory in 
many of the formations. Many genera and species have been 
proposed, but not a few of them are known so imperfectly that 
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their relationships or validity are yet more or less problemat- 
ical. 

The first known Testudinata are from the Upper Trias. Sin- 
gularly enough these first turtles are as distinctly specialized 
as those of the present time. The extraordinary specialization 
which this branch of reptiles has undergone, whereby the ribs 
have been transformed into a bony shell, and the shoulder and 
pelvic girdles inclosed within the bony case, instead of being 
outside the ribs, as in all other vertebrates, had been completed 
by the close of the Trias. Undoubtedly we may expect the 
early ancestors of the turtles, the more generalized forms with 
incomplete carapace and with teeth in the jaws, at least as early 
as the beginning of the Trias, if not in the Permian. So far, 
however, all such evidence is wanting. 

In the Jurassic formation, turtles are very abundant and of 
varied organization. In the Cretaceous, turtles have been found 
in less abundance, yet they are not at all rare. The turtles of 
the early Tertiary offer only slight differences from the Cre- 
taceous Testudinate fauna. In the Eocene and Miocene lake 
deposits of America the remains of often gigantic turtles are 
very abundant. 

There is nothing in the history of the turtles that is of start- 
ling interest. None have lived that were much larger than 
some in existence. Protostega, from the Kansas Cretaceous, is 
probably the largest. This form is peculiar in having a very 
imperfectly ossified carapace, the ribs being separated and not 
uniting into a solid bony plate. 

The classification of the turtles is by no means yet clearly 
solved. The usual grouping is into three suborders—the Tri- 
onychia, Cryptodira, and Pleurodira, The Trionychia include 
turtles with a leathery skin, and not with horny shields, the 
carapace poorly ossified and the body flattened. The soft-shelled 
turtle of the Kansas rivers is an example. The Cryptodira in- 
clude the great majority of turtles, such as the snapping turtle, 
the tortoise, etc. The carapace and plastron are more or less 
perfectly ossified, the head is withdrawn under the shell by a 
vertical flexion, etc. All of the known forms from the Kansas 
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Cretaceous belong to this suborder. The Pleurodira include a 
much smaller number of living turtles, all of which are con- 
fined to the southern hemisphere. The carapace is always fully 
ossified ; the head is brought into the shell by turning sidewise, 
and not by a vertical flexion. The earliest known turtles are 
Pleurodira. 

The large green turtle of the West Indies sometimes attains 
a weight of five hundred pounds. 


DESMATOCHELYS LOWII. 


BY S. W. WILLISTON. 


In November of 1893 I received from Mr. M. A. Low, general 
attorney for the Chicago, Rock Island & Pacific railroad, a 
skull of a turtle, of unusual interest, which had been obtained by 
Mr. Schrantz, roadmaster of the Rock Island road, near Fair- 
bury, Neb. From the matrix yet adhering to the specimen I 
recognized its age as that of the Benton Cretaceous. 

Mr. Low, with his usual generosity towards the University, 
enabled me shortly afterward to visit the locality whence it had 
been obtained. I found, as I had suspected, the formation to 
be the Benton, and probably from the horizon named the Ostrea 
Shales by Mr. Logan. An associated fossil was Xiphactinus lowir 
Stewart, recently described. The late Doctor Eaton, of Fairbury, 
kindly assisted me in the examination of the region, and, by 
his intervention, I obtained various other parts of the skeleton. 
The animal had been fossilized nearly entire, but had unfor- 
tunately suffered loss and mutilation in its collection and pres- 
eryation. It nevertheless permits nearly all of the essential 
characters to be made out with considerable certainty. It 
represented a new species, which I have named in honor of 
Mr. Low, asa slight appreciation of the many favors that he 
has done to the University and indirectly for science, and a 
new genus, which I have called Desmatochelys, and anew family, 
Desmatochelyide. 

While this type specimen, from which the following descrip- 
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tion has been drawn exclusively, was obtained from just across 
the line in Nebraska, the species also must occurin Kansas, and 
has actually been reported from this state by Cragin. For 
that reason the description has been included with the other 
Cretaceous vertebrates of this state. 


Desmatochelyide. 
Desmatochelyide Williston, Kans. Univ. Quart., 111, 5, July, 1894. 


DESMATOCHELYS. 
Desmatochelys Williston, Kans. Univ. Quart., 1. ¢. ; 


Desmatochelys lowii. 
Desmatochelys lowii Williston, Kans. Univ. Quart., |. c. 


Skull. 

The skull was originally complete and in wonderful preserva- 
tion, having suffered but little from compression. Unfortunately 
the posterior inferior portion has been so injured that its char- 
acters are mostly obliterated. 

The parietals are elongate, narrow, gently arched bones, sepa- 
rated from each other by a distinct suture, and extending back 
over the supraoccipital for a considerable distance. Taken to- 
gether, the two bones, exclusive of the supraoccipital projec- 
tion, form an elongated parallelogram, with a rounded boss or 
eminence in the middle in front. They send down a rather 
narrow fore-and-aft plate to join the pterygoids. 

The frontal bones are irregular in shape, though their entire 
form cannot be made out with certainty, owing to the oblitera- 
tion of a part of the suture between them and the prefrontals. 
Posteriorly they unite by a nearly transverse, somewhat con- 
cave suture with the parietals, and, by an oblique suture run- 
ning to near the middle of the superior orbital margin, with 
the postfrontals. The free orbital border is short and gently 
emarginate. In front, the transverse suture separating them 
from the prefrontals is very distinct on the outer two-thirds, 
but obliterated on the inner part. A very careful examination 
here shows, apparently with certainty, that the suture is not 
continued inwardly on the same line, but seems to turn forward 
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and a little outward to join the nasal suture, as is indicated in 
the drawing, thus excluding the prefrontals from meeting in 
the middle line. 

With this interpretation, the prefrontals are small, and have 
an irregularly four-sided shape. Their orbital margin is even 
shorter than that of the frontals. 

The nasal suture is transverse; the maxillary suture oblique 
and gently concave. The superior aspect of each bone is on 
one plane, sloping outward and forward. 

The nasals are united by well-marked sutures, and are sub- 
quadrate in shape, the maxillary and prefrontal sutures, which 
are nearly of the same length, meeting in an acute angle. There 
may have been a slight notch in the middle in front. The 
bones together form a very gentle arch. 

The premaxillaries show distinct sutures, both median and 
lateral, the latter nearly at the outer margin of the narial open- 
ing and all parallel. 

The postfrontals form an extensive arch, together with the 
parietals, covering the temporal fosse. Their union with the 
jugals is not evident, but seems to be above the middle of the 
posterior orbital margin. The postfronto-squamosal suture is 
likewise not distinct. 

The lower margin of the mavzillaries forms a rather thin, some- 
what sinuous edge. The junction with the jugal it is impossi- 
ble to trace. On the posterior part, from near the middle 
of the orbital margin, there was evidently a thin expansion 
downward, but the edge has been broken off, so that one can- 
not say to what extent. Its ascending process to join the pre- 
frontals is about one inch in width between the nares and orbits. 

The external nasal opening is cordate in shape, with a rounded 
anterior angle. The plane of its margins looks upwards and 
forwards at an angle of about thirty-five degrees from the per- 
pendicular. 

The posterior margin of the orbits is almost exactly in the 
middle of the anterio-posterior diameter of the skull. Their 
shape is irregularly oval, the greater diameter being from be- 
fore back. Their superior margin, as far back as the fronto- 


356 University of Kansas Geological Survey. 


postfrontal suture, is parallel with the median line of the skull ; 
it then turns obliquely outward, with a gentle convex border, to 
the middle of the hind margin. The plane of their margins is 
not more than ten or twelve degrees from the vertical, and is 
turned outward and forward at an angle of about thirty-five de- 
grees. The margins are everywhere thin. 

The mandibles have been firmly compressed upon the max- 
illaries, and are posteriorly somewhat flattened. They are 
stout and heavy, with a thin inferior margin throughout 
most of their extent. The genial margin is gently convex 
and considerably receding. The superior margin was evidently 
thin, like that opposing it. The articulating surfaces cannot 
be clearly made out, as the quadrates have been crowded upon 
them. They appear, however, to be slightly convex. The two 
sides show no trace of a suture between them. 

The palate is remarkable for its extreme concavity and the 
anterior position of its choane. All posterior to the pterygoids 
has been so crushed that it is impossible to determine the char- 
acters. 

The pterygoids are short and narrow, concave on the sides, 
extending out in front to form a rounded, vertical, ectopterygoid 
process, just in front of which is the distinct, transverse, pala- 
tine suture. The palatines continue the full width of the ptery- 
goids in front, and are gently concave, with a rounded margin 
on the sides as far as the process. These processes curye out- 
ward and forward nearly horizontally to unite with the maxil- 
laries, which do not send a distinct process out to meet them. 
Near the posterior border of the process, well out towards the 
extremity, there is a small palatine foramen, leading up into 
the floor of the orbit at about its middle, and vertically below, 
or a little to the inner side of the innermost part of the superior 
margin of the orbit. On the left side there appear to be two 
foramina. Almost from the posterior margin of the palatines 
the surface begins to ascend obliquely forward, forming a 
deep channel, which in the anterior half is divided into two by 
a strong median ridge. Unfortunately, the suture with the 
vomer cannot be made out. The posterior narial openings are 
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extraordinarily large, and situated far forward, almost immedi- 
ately below the anterior openings. Each opening is large, and 
its plane looks upwards, forwards, and inwards. 


General Characters of the Skull. 


The skull is elongate, narrow, and high. It tapers on the 
sides from near the quadrates to the front margin of the orbits, 
whence the muzzle forms an acute, somewhat convex cone. 
The superior surface from the front margin of the nasals is only 
lightly arched, but with a rounded boss back of the middle. 
The surface is nearly smooth, or with delicate strive, except 
near the front end, where it has numerous small, rounded pits. 
The orbital and nasal margins are sharp. 

The principal dimensions of the specimen are as follows: 


1D brim eves (ela fed Fal ee RPh anh Ae ALN teat nan tints ans Riau sI RSE yO MLA Te 205 mim. 
Wade throne bh) quadratesi a. sccey acide citoie ei eevee Oates reeds 145 
13 IG fd Oh Reve ee crete Oa mice ae Bre Le CG CAC ORO Oy Mitch RIES yea RE MeL 95 
ILGyafeatH unos e FANE VOLO bo) Cats hee ye ed G xsl cca EMR Det ee The eee eRe ESS 155 
Wadth) betweenlorbits aboveccderrc. cetera sera eiae sec oe ey Ualeyains 58 
Greatest width between the orbits posteriorly......................5. 105 
ANLCEO-POSteLior diame forxOMOLbDIts eee ee eee eae ee eae 60 
AUT han Cy riCoid ets iawie g topeo ec binG 6 Gd colod erg Sciad TE o) SEALS IS Hise alae eae an 49 
Peansyerseciameter Of Wares ane noe clone eiateeerel hohe es Seep eee On eh Ma 31 
MLO O-POSLETIOY GlaMOLer Of SAMIC. kaeitiersd coi arate aes Stieia slots ia ake ean eave 31 
GAA AWC ED Ola PLOLY POS. atrc eee cteiaarre hat Ris hs sa etnlore re ce Renton 22 
Width through the ectopterygoid processes.............005 seen veces 46 
Pear width Olt PAlatinese rns cies ot aco eek ead on kee eats 2 aa at LN 43 
Antero-posterior diameter of posterior nares.............-...+--2000 24 
SEAHAM CESS GIATHOLCE OL SAGs ei teens eek oS to cade aac sie Susie coo oR de 18 
Distance Det ween: CHoan serra ncreciciie sola ciaial seis ea ee ae EEE Torts 16 
Widtinbetween palatine foraminas: 45.25. 0s ikoin: .ccseed cole ante 48 
Width of mandible through symphysis) 00.0. cee eds a nee 43 
Wadtivtom mandible below Orbit: aac sso oai acta scion ok Hiss ae de eee ae 24 


The skull, as will be seen from the description and the figures, 
has a great resemblance to that of the sea turtles, the rostrum 
being somewhat less narrow than in Chelone, but from which it 
differs conspicuously in the presence of free nasals, the presence 
of palatine foramina, the structure of the palate and the ante- 
rior position of the choane, and the convexity of the maxillary 
condyle. Its resemblance to Rhinochelys, from the Cambridge 
Greensand, seems greater, so far as I can judge by the figures 
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given by Lydekker. Like that, it has free nasals; the ptery- 
goids narrow and emarginate, the palatines probably meeting 
in the middle line; the prefrontals separated ; the jugal continu- 
ing the line of the alveolar border to the quadrate; mandible 
with the interdentary suture obliterated, and with a prominent 
oral margin. From it there seem to be ample generic differ- 
ences. There are no indications of epidermal shields in the 
present skull. 
Cervical Vertebre. 

The specimen, as I received it, showed crowded into the pos- 
terior temporal opening three cervical vertebre. With much 
labor one of these has been removed; it presents important 
characters, all distinctly Pleurodiran. The anterior surface of 
the centrum is markedly convex, but much broader from side 
to side than from above downward, being subtriangular in 
shape. The posterior zygapophyses are elongated and eyi- 
dently arched downward. The arch above is gently convex. 
Near the posterior part of the centrum on each side is a very 
stout transverse process. The posterior articular surface of the 
centrum has been injured, but is convex. 

The measurements of this vertebra are as follows: 


Meng thomcentrumetromerimetomimssaeeeeaace ce ce ee eee cece meer 26 mm. 
WadthiofcanterioniarticulanisuntaCeeas eases sneer 26 
Werticalidiameteniosethersamesa sei setae eee nee 15 
Wadth through transverse processes ee eee ee ee eee 64 
Thickness of transverse processes.................-- Sipe etentcs Seg nee Uy 
Diameteniot neuralicanal-stransverses eee eee eee eee eee 13 
Diameterofsneuralyeanalsavernticalisenseeeee eee eee Eee eee eee 14 


Caudal Vertebre. 

Several caudal vertebrz are preserved, one of the largest of 
which is shown in pl. uxxvi, f.4. They are all small, and in- 
dicate a small and short tail. The centrum is moderately 
elongated, with well-developed zygapophyses and rudimentary 
transverse processes. The anterior end of the centrum is con- 
cave, the posterior convex. Its measurements are as follows: 

Length of centrum............. RE eI TAP es RTA Tete ick Sete 17 mm. 


Heivhitiofevertebrae- eects rne Sener nr ayaed Melia tol haa Sen Renee 22 
Werticalidiameter of (cup ss: ov kiss; ayes eee ee eee eee 12 
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Pectoral Girdle and Extremity. 


The bones of the pectoral girdle and extremity preserved 
were found so little distorted from their natural position that 
their mutual relationships are assured. The scapula and cora- 
coid were found between the carapace and plastron, near to- 
gether. A part of the coracoid has been lost, but the inner end 
was lying in apposition to the inner end of its mate. There is 
one nearly complete humerus preserved and close to the lower 
end of both were the bones of the forearm and the metacarpal 
bones which are figured. Unfortunately, the single bone fig- 
ured as carpal or tarsal had been separated from the matrix 
and its position is unknown. The four bones of the metacarpus 
were lying nearly in position, the two inner ones crossed over 
each other. lying across them, and undoubtedly belonging 
with them, is the fifth bone. 


Scapula. 


The scapula-proscapula is preserved complete, and shows 
but little distortion or compression. ‘The humeral neck is mod- 
erately constricted, and is longer relatively than in Protostega. 
The two extremities are flattened oval in cross-section near the 
base, with rounded margins. The proscapula is shorter than 
the scapula, and is flattened and a little dilated at the distal 
extremity. The scapula is slightly widened distally, and ends 
in an obtuse point, with two shallow emarginations before the 
tip on the inferior border, and one on the upper border, sep- 
arated by rounded prominences. The angle of the scapula with 
the proscapula a little less than a right angle. 


WATS Kil al (Olt Tae iS Cectoaiclp mt cieecns Be 6 Ca, A CORI ISR inten ame Otley aul iis ie bpp eel ally 
Wadthot articular extremity sor cette ne iene Ps ez ae 56 
Length of proscapula to inferior border of scapula................... 82 
Wadthrofproscapulaidistally pesca casei Cae een eee 34. 
Length of scapula to inferior border of proscapula................... 158 
Greatest, wadtmonscapula cistallyy so. cnciic cet ee eine ae 32 
Ledat width of seapulas 222. rei ewiss aici cies RAT ONS A Al stetast ea iy aie ayn 27 
Distance between extremities of scapula and proscapula............. 175 


Thickness of proscapula at proximal ends... eyes anoles a dieia > 9 
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Coracoid. 


The coracoid is a remarkably short bone for so large a turtle. 
The single bone preserved, of the right side, lies immediately 
above the proscapula and below the carapace. Its articular 
end is thickened, with a thinner expansion for articulation with 
the scapula. The scapular border is deeply concave, the distal 
extremity thin and moderately expanded. The outer border, 
except proximally, is wanting, but, from the thinness of the 
border at the extremity, it appears to have been nearly straight. 


STNG eae tA rapes eRe oteue rete tenons Sepa et ae ere ora og CALA NB ae eal I 100mm. 

Width atiproximalt endis: Ae seas series ccs. So ee eae 35 

Widthofushatt (approximately) sacs sone eee eee 18-20 
Humerus. 


The humerus is a very large, flat bone, intermediate in some 
respects between that of Protostega and that of Chelone, but with 
a narrower shaft than in either. Both bones were originally 
present, but unfortunately the left one is represented only by 
fragments. The distal end is shaped very much as in Chelone, 
save, as already stated, that it is more constricted above, below 
the radial process. The radial process is even larger than in 
Protostega, though not reaching as far down the bone. The ul- 
nar process, on the other hand, is even more elongated than in 
Chelone, and is apparently even longer than I have represented 
it in the drawing. The bone is in all respects the humerus of a 
sea turtle. 


ihengthyfromitopiot articulansurfacere a-- eee eee eee eee eee 202 mm. 
xtremeviength, abou... - sma eene ete aap eee eee saan 260 
Greatest diameter of a scapular articular surface.................... 44 
MeastiwiGthvol Shattr4 so 4 cela eee aonb ert Re ae er Se eee 40 
Wadth through lower part of, radiallerest.. .-ss-s9s4-eee ae eee 67 
Greatestiwidth distally.) c(i toy) fain. ek oe Me eC Ree Cone eee 80 
mhickness Of Bharti: Seti LNs state, So cee ee ee 17 
Radius. 


Lying nearly in connection with the portion which is pre- 
served of the left humerus, are the nearly complete radius and 
a portion of the ulna. The radius has been but little com- 
pressed, and it is in excellent preservation, save for the part 
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that is lost. Both extremities are expanded, apparently about 
the same. The upper end is thicker than the lower, and has 
slight striate markings near the border of the articular surface. 
About twenty-five mm. from the upper extremity, near the 
inner border, there is a roughened protuberance, the bicipital 
tuberosity. The shaft is quite smooth and oval. 


Carpal ? 


A single bone, which from its size I take to be a carpal and 
not a tarsal, is very thin and flat, nearly smooth, and oval in 
shape. It measures fifty-two mm. in its greatest and thirty- 
eight mm. in its opposite diameter, and is nowhere over five 
mm. in thickness. it has some very inconspicuous markings 
near the articular margin. 


Metacarpals. 


The four bones represented in pl. Lxxv1, figs. 8, 8c, were lying 
upon the end of an ulnar fragment, and almost over the radius, 
and nearly in the position in which they are figured, the 
two inner ones being crossed. That they belong to the manus 
i have no doubt, and that they are metacarpals and not pha- 
langes seems evident from the shape of their articular ends. 
Their measurements are as follows: 


1ST EA Ata ae Oa ara SS AICI roel EMER i Sth unica een IDA SEMA ERE ROS MA RAS TINS 48 mm 
Wardiivotidistal: extrenatt yi aiid ocak wah ena ten ake ets eg 9 
LSet es Beka ene eee eee erie garay etd delta statist a ates a ttaena eal evene hata eUag Catan 87 
VFR aL CONGLEEL CULV Ses noi 2 ney ae rag to Sicce oy ci hey Saati ena amabtete de CREO Me 9 
VUTCONia, GITSUET | h Gena ANDER IL ord cn) St we tet eee ia cat NMG aR Mau Aaa NE 18 
Visa teh) bic 1 as eae eye a TG) GtCICe CI cael nae eA ST cdi aru MN aR Alls oh LS 55 
NWAG AGS. (Si 22) | 7 ae ane ae ARR teicoplanin ena he arta UU USUI AN Li 20 
LOTSA ERAN ocd Sic 6 et ERO er EOI BOLO Stet Ett Eee EEA EERE DU RU EAD IRI eT RDO MoH VL .. BO 
VTL Leprol ys ak). & spatter rKe tisiicke oA icteric ORR GM RUC SNE te 15 


Another finger bone, lying across the end of the radius is 
shorter than any of the foregoing, and may be a phalanx. One 
end is wanting, but the end which is present and the shaft are 
stouter than any of the foregoing. The width at the end is 
twenty-two mm., andin the narrowest place of the shaft twelve. 
Yet another digital bone ( fig. 10) seems to be a phalanx, but 
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whether of the fore or hind foot cannot be said, as it was mis- 
placed. Its measurements are as follows: 


Hep ry GEA e yrds yc see kena eR cet Mei NUMAN GR LU RSTEI WANG) RORY LEAT AU Rane a 36 mm. 
Wart Marte EEO MIU ELOS ete ete reese oy LA ee VLR Ue eM il, 1 
MECASERWAIGGMNOE ISI att sae iso) a te US cca alan sity ny ANG IG ta lanreA AERO Ru Nenu Ae 9 


Pelvic Girdle and Extremity. 


The three pelvic bones of the right side are lying with their 
articular surfaces nearly contiguous, the upper end of the ilium 
in apposition with the end of the transverse process of the 
sacrum. On the left side, the ischium and a part of the ilium, 
also in position are alone represented. Unfortunately of those 
of the right side the outer end of the ilium and a part of the 
anterior border of the pubis have been lost. The ilium is an 
irregular rod of bone, stout and not very broad with a pointed 
sacral extremity. Its anterior border is deeply concave, smooth 
and rounded, and not very thick. Its posterior border is dilated 
into a thinner expansion below, which is turned outward. 
Near the extremity, however, the bone again forms one plane 
and is moderately thick. 


On the inner margin near the tip, there is a slight roughen- 
ing, lying in apposition to the tip of the transverse process of a 
sacral vertebra. 

Ischium. 

The ischia have a smooth, paddle-shaped extremity, a long 
tooth-like tuberosity, and a dilated articular extremity which 
shows facets for the ilium and pubis. The symphysial end is 
broad, nearly straight on its margin, with rounded angles, and 
moderately thick. The tuberosity, which is situated about the 
middle of the bone, is conical, pointed and curved toward the 
acetabulum. 


NDS oye hc degenerate ap ed a NRA RB CU Aa OARS ei ae RN CaS. SATS Uy test cn oc 84 mm. 
Wadthtofisymphysialiend: ai. Seas teret ars od sehen eees Sain tome 43 
Wid throtiacetabular: endict toc sels). orcs sien seer hoe ey eee 35 
Width of shaft on the proximal side of the tuberosity................ 21 


bene thcok tuberosity 26 sc See ioe = le otis ses See ee oe eee 25 
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Pubis. 


The pubis is much thickened at the acetabular end, expanded 
and thin at the symphysial end. The side exposed, the inner, 
shows two facets separated by a distinct angle. The ischial 
border is deeply concave, and for the most part thin. The bone 
is narrowest midway, and the whole lower part is evidently 
thin. Unfortunately, the anterior inferior portion has been lost. 
The surface exposed is nearly plane throughout, though it prob- 
ably had some curvature. There are no indications on either 
pubis or ischium of union with the plastron. 


Widthrofiacctabulariextremiityer: vnc cu ect cen yeld eset casi seas Me eMC le a 37 mm. 

Mens thyobischialsiacet sei ke cee rrcs ov ek yes eer TN UR Ea Ue SSC 25 

Bienethrok bone ass preservied:sac7 oe Aaa m ake Pee ahah nbeencn clues shee ee 108 
Femur. 


The only bone of the hind extremity preserved is an incom- 
plete femur, which lies directed backwards, with the great 
trochanter immediately below the sacral end of the ilium. Its 
great trochanter is flattened, high, and broad, with distinct 
rugosities on the outer side. The head is a small, oval articular 
surface surmounting a rather thin, small plate placed nearly at 
right angle to the plane of the trochanter and at one side. Just 
back or below the head is adistinct depression or ‘‘digital’’ 
fossa, with a muscular rugosity near it. On the outer, or dorsal 
convex surface, near the narrowest part of the shaft, there are 
two roughened surfaces, one on the border opposite to that of 
the head forming arounded tubercle about half an inch in diam- 
eter. The lower part of the bone is expanded and quite thin. 


NVMAtah incase THRO (Arie al eRe ea D EO SRO aN CERCA Te Meee Ea omnia 32 mm. 
Height of trochanter above the head......... ......... .... Weleiete aie 25 
Height of head above plane of trochanter .................0--.00e00; 20 
Bengt ot-articularjsurfaceiofsheads ci kik bee ae ae eee 10 
AYU ape a OPS AE tes SOE A ey ne a et Ea aE EP ONO AL tO) es, AMIE aE 7 
WTGEN OF SABE fei tec sree eres trca ctels pte ie ane sca ci eA Np Mays Rat apa 25 
PP HICK NESSHOL SIAL Gee cr sac is coc) os Sra NN ee ere oh ty Pose LRAT ARR a eM 12 
Width nearilowermextremitysasioured)ss25> 1466 eee eee 40 


IC TERB yor ee ees LL) Cae Lobs Rayne Ore AUR Male alge 6 
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Carapace. 


The carapace must have been originally nearly complete, but 
much has been lost and other portions have been injured in re- 
moving the hard matrix. It was evidently narrow in propor- 
tion to its length, and was pointed posteriorly. The bone 
everywhere is very thin —from two to three millimeters in thick- 
ness—and shows numerous small or minute pits; no other evi- 
dence of shields, however, is present. The sutures in some 
places between the pleuralia and neuralia are distinct, but for the 
greater part obliterated. The lateral plate corresponding to the 
third presacral vertebra has a length of 1385 mm., but the very 
thin end is wanting, and may have been prolonged to the mar- 
ginal. Its width proximally is forty, toward the outer part five 
or six millimeters more. The neural for this vertebra has its 
front and lateral sutures distinct; at its broadest part behind it 
measures thirty-two mm. in width. 

The dorsal vertebre are stout and cylindrical, with moderate 
expansions at the extremities. The rib processes are stout, 
situated near the anterior part of each vertebra, and the ribs 
articulated with one centrum alone in the posterior vertebra at 
least. The processes and heads of the ribs are stout, and are 
united by a free suture. The ribs of the three presacral verte- 
bree exposed are directed very obliquely upward ; the transverse 
processes of the sacrum are nearly horizontal, slender, and the 
first pair directed a little obliquely backward. 


ene thvofsecondisacralivyertebrayree eee eee Looe eee 21 mm. 
Length of first sacral vertebra............... BEAL ree Ae ON, THEN 24 
Width through the articular surfaces for the transverse processes..... 31 
Wadthvottrans versely processia taser ssn.) se Sean near eee 17 
Wicdthvotitransverse) processidistallliyaseiee ene eee nee aanae 11 
Meng theoitransverse! processes. sen eae eens see ee eee eee 45 
Gensth of first spresacral;vertebrar + o.2es2. 4 yee ee eee 29 
iWadth-oficentrum)anteriorlys.. 76) 7c5 ato a ee en eee 22 
Wadthethrougharib processesseseiaeeee ence een coer eee Bee 25 
ienesthiof second. presacralvertebra.: |... .3.) <0... 50h oe ae 40 
Widthyoficentrum:) anteriorly? «sa. cis tos See eae ee oe eee 24 
Width through rib processes. . uN 29 


Distance between inferior margin ines same ver eee nal ahs fon of the 


CATAPACOs sr < kyak, crc ss the eich, sate etatenced ein) cen ayy naa ts Rae ee 40 
.’ 
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Eight marginal bones are present, including the pygal. 
Whether they are all from the same side or not I do not know ; 
but all are different. Lying in position, with the anterior pro- 
jection touching nearly the posterior end of the united carapace, 
is the pygal which is figured, the surface which is represented 
being the upper one, and the attached marginal belonging to 
the right side. Lying beneath it, near the margin, were two 
small caudals, one of which is shown in the plate. The pygal 
and adjacent marginal are very flat bones, very thin on the 
outer margin, somewhat roughened on the anterior part. A 
fragment of the attached left marginal is present, but is not 
shown in the figure. The sutural union, here as elsewhere, is 
firm. 


TESTI ye ATG) Weg on eqs ae cs ae sm ener nian ak stan ga PHS ea at ieee AN eS Ean LSU 97 mm. 
Wil thita tether Crs ies ec henees crete eee eer StU AURA Ae SCOR cuir aan 42 
Wradthy across thenmid dem eectye cnet ia i NOL PACU Nea eHM RLU MIMS 61 
Thickness near van TOMiOLMDOLGEH seta cite ee ee ee aEn 6 
Mencth of adjacentumarginaley rice wae ee ea ae tata 64 
NRTATO AE eae, ates ole he Re IN AGI Ce RL St HES En rr RMU ECOL ar Tse HURON AN Peprae ua ae 45 
APIO) ETA SEG ms Sect eres Sree ite ee cl OER WS Ei eerste ese OT RO EMAL A AG RMI LSU 5 


Lying in contact with a hyo- or hypoplastron is one complete 
marginal, and portions of two others partly detached. The 
bones here are’ elongate and narrow, with interdigitated sutural 
ends. On the lower side of the one exposed they are flat, with 
the inner margin thin, but somewhat thickened on the outer 
part. 


cnet nar lateral marginal sie sly yee iris ave cae ieee Gata tere Seated Lele stem 130 mm 
\AUTG Hel 8) F245 (0) 02) (2) 010 ane ORR Sei Gh roan lee SHIA a IRIAN IER ARN (y le MMU td 35 
NAVSTEHAS) Crile, Gli) AVE PTO Sales Be ea Scns ELC NCS PEN CO NEEM tes CLAD Ex AIRES POSSI 27 
Widthvoficontipuousimarpinaleses pane corres Ne eA i 37 
BPhickness; NGAr MMII Gs cers cei ey asec ee Ta eae Tey ete acelros el IP ner eae 6 


The half of two contiguous marginals lying over the left 
scapula shows the outer part thicker, from nine to eleven mm. 
in thickness; the inner part very thin, and, near the middle, 
below the thin border a shallow horizontal pit, which may have 
been for the reception of arib. The greatest width of these 
bones is thirty-nine mm. 

18—1v 
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Plastron. 


All the plastron was originally preserved, but part has been 
lost, and some has been necessarily injured or destroyed in get- 
ting at the bones lying between it and the carapace in the hard 
matrix. Lying contiguous with the upper end of the right 
humerus is a large, thin, flat bone which is evidently the epi- 
plastron. The bone had sustained injuries or decomposition 
before fossilization, or was of a partly cartilaginous nature. 
Its thicker, rounded border in gently concave and measures a 
little over 200 mm. in length. Lying upon it and impressed as 
though partly pressed into its substance, is evidently another 
bone, which agrees better with the epiplastron of Chelone. It 
is gently convex on the outer, concave on the inner border, ta- 
pering to a point from the flat blade, and with well-marked 
longitudinal grooves upon it. It measures 180 mm. in length 
and has a width on the outer part of nearly thirtymm. If this 
is the real epiplastron, I do not know what the broad bone is. 

A number of fragments of the hyo- or hypoplastron are pres- 
ent, but, unfortunately, the portion figured cannot be united to 
the remainder, through the loss of intermediate portions. That 
they all belong to one bone, seems evident from the marked pe- 
culiarities in the surface, color, and markings. The anterior (?) 
denticulate margin has a width of ninety mm.; the posterior 
hypoplastral border (?) is incomplete, was not more than sixty 
mm. in width and could not have had a close union with the 
hypoplastron, if it touched it at all, as the extreme length in 
this direction is only about 200 mm. The bone is thicker and 
of firmer texture than is the carapace. The posterior end of 
the xiphiplastron les under the sacrum. It is only thirty mm. 
in width, is thin and has four elongated denticulations. The 
whole structure of the plastron appears to have been something 
like that in Protosphargis veronensis. Whether the other ele- 
ments of the plastron were present or not, I cannot now say. 
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SYSTEMATIC POSITION. 


All things considered, I believe that the genus Desmatochelys 
must be located among the Cryptodira, in a distinct family of 
Baur’s Chelonioidea. But this will necessitate revision of the 
characters hitherto attributed to both suborder and group. 
These may best be expressed by giving the characters in detail, 
as Baur® has expressed them, with the emendations shown in 
italics. 
CRY PTODIRA. 

Free nasals sometimes present; a parieto-squamosal arch present 
or absent; descending process of prefrontals connected with 
vyomer; stapes in an open groove of the quadrate or covered by 
the quadrate behind ; pterygoids narrow in the middle, without 
winglike lateral expansions, separating quadrate and basisphe- 
noid ; epipterygoid free or not free; dentary bones united. Cer- 
vical vertebrx rarely with stout transverse processes; the posterior 
ceryicals with double or single articular faces; sacral ribs well 
developed and connected with centrum and neuroids; pelvis 
free from plastron and carapace. Epiplastra in contact with 
hyoplastra; entoplastron oyal rhomboidal or 'T-shaped ; a more 
or less complete series of peripheralia, more or less connected 
with the ribs. 

Chelonioidea. 

A parieto-squamosal arch; articular faces between sixth and 
seventh cervical vertebre plane, nuchal with a distinct process 
on the lower side for the articulation with the neuroid of the 
eighth cervical; no lateral processes of nuchal. One biconvex 
cervical vertebra. . 

1.—Desmatochelyidx. Palatine foramina present ; a descending 
process of the parietals; free nasals present; limbs paddle- 
shaped. Desmatochelys. 

2.—Cheloniidx. Palatine foramina not present; a descending 
process of the parietals; no free nasals; limbs paddle-shaped ; 
claws one or two. Chelone, etc. 


3.—Dermochelyide. No free nasals, no palatine foramina ;. 


66. Note on the Classification of the Cryptodira, Amer. Nat., July, 1893, p. 672. 
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no descending process of the parietals; noclaws; limbs paddle- 
shaped. Bony carapace dissolved into numerous mosaic-like 
pieces. Dermochelys. 

Of course a more perfect knowledge of Desmatochelys may ne- 
cessitate a further revision of the different group characters. 


CYNOCERCUS. 
Cynocercus Cope, Proc. Amer. Phil. Soc. 1872, 308; Cret. Vert., 96, 1875. 


Nothing further is known concerning this genus than what 
is given by the author of it. There is no material in the Uni- 
versity of Kansas which can be with certainty referred to it. 
I therefore reproduce the original figures by Cope and give the 
most essential portion of his description. 

‘* Hstablished on a metapodial bone and caudal vertebre of a 
tortoise of uncertain, but in any case peculiar, affinities. The 
caudal vertebre are not anterior ones, almost lacking diapophy- 
ses, but are long and slender, and the articular faces singu- 
larly incised. The form had a tail more elongate than the 
snapping turtle, and different from it in details of composition, 
especially in being of a proccelian type.’’ 


Cynocercus incisus. 


Cynoeercus incisus Cope, |. c., pl. vir, ff. 3-5. 


‘‘The centrum is elongate and depressed. The inferior sur- 
face at the cup is flat; it is then arched upward, descending 
again to the rim of the ball. The posterior two-thirds has a 
median groove, which terminates in a deep notch of the ball, 
which involves one-third of its vertical diameter, and widens 
backward. The ball is transverse oval, and only moderately 
convex ; near its upper margin a small, deep pit interrupts its 
surface, having the appearance of an unusually large ligamen- 
tous insertion ; its border lightly excavates the border of the 
ball. The cup is transverse oval, wider below. Its inferior 
and superior margins are so deeply (but openly ) emarginate 
as to reduce the concavity in the vertical direction_very much. 
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From the superior emargination, a deep groove descends to be- 
low the middle, probably for ligamentous insertion. The neu- 
ral canal is subtrilateral. 


Fic. 6. Caudal vertebra of Cynocercus incisus Cope. 


‘‘The neural arch is, as usual in this group, deeply emargin- 
ate in front, and much prolonged behind. The zygapophyses 
project beyond the ball, and the arch is contracted in front 
of them. Its upper surface has neither process nor keel, but is 
rugose for ligamentous and muscular insertion. The diapophy- 
ses have a wide base, and are sub-cylindric. 

‘‘Another vertebra differs in being rather more slender, and 
in having an obtuse keel of the neural arch. The pit of the 
ball is wanting and the inferior emargination. The chevron 
articulations are larger ; and the groove of the cup occupies its 
middle, instead of its upper half.’’ 

The locality is not given, but is probably Niobrara. 
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TOXOCHELYS. 
BY SELIG, CASE, 

Toxochelys is the single well-established genus of the sea 
turtles from the Cretaceous of Kansas comparable to the living 
Cheloniide. In habit of body the species were very similar to 
those of the genera Chelonia and Thalassochelys. The head was 
low and flat, roofed posteriorly by the bones of the skull, and 
provided with the large orbits characteristic of the family. The 
limbs were modified as swimming organs, especially the front 
pair, which were developed into long, powerful flippers. It is 
probable that these turtles spent the larger part of their time in 
the open seas, seeking the beaches only to deposit their eggs. 
The different species of the genus varied in size from about two 
feet in 7. serrifer to five or six in T. latiremis. 

The genus was founded upon the characters of the lower 
jaw, the coracoid, and phalanges. In a second description of 
the genus Cope says (Cret. Vert. 98): ‘‘The mandibular 
ramus is slender, and has a narrow, flat, alveolar surface. The 
coronoid process is moderately elevated, and is excavated be- 
hind by the anterior extremity of the elongated and deep dental 
foramen. The cotylus is depressed, and the articular bone 
ossified. The angle is not produced. The coracoid bone is 
long and spatuliform, like that of the marine turtles.’’ 

‘“The slenderness of the mandibular rami resembles the form 
in Chelydra, but it differs in the absence of the alveolar cutting 
edge of the latter. The phalanges are broad and flat and not 
unlike those of Protostega.’’ 

While primitive in many of its characters, Toxochelys was al- 
ready well advanced in the line towards the modern Cheloniide. 
Cope believed that it was related to this family and to the 
Chelydride. Hay thought that it is ‘‘related both to the 
Chelydridz and the Cheloniide, but that the relationship is 
much closer to the last-named family, and with the carnivorous 
division of this family, Thalassochelys.’’ ® 


67. Hay, O. P., Field Columbian Museum Publications, 12 and 13, Zool. Series, vol. 1, 101, 
pls. xIv and xy. 
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TOXOCHELYS. 
Toxochelys Cope, Proc. Phil. Acad. Nat. Sci., 1873, p. 10. 


Toxochelys latiremis. 


Torochelys latiremis Cope, Proc. Phil. Acad. Nat. Sci., 1873, p. 10; Cret. 
Vert., p. 98, pl. viii, ff. 1-2; Proc. Amer. Phil. Soc., 1877, p. 176. 

The skull of this species is the best known part of the skele- 
ton. The mazxillaries are broad posteriorly, with the alveolar 
surface slightly concave from side to side. Near the posterior 
end the cutting edge of the maxilla is scarcely developed, but 
begins about a centimeter from the end and rises rapidly until 
in the middle and anterior portions of the bone it is deep and 
strong. The base of this edge is marked internally by several 
deep pits. The posterior end of the bone shows a broad articu- 
lar face for the jugal. The middle part of the internal edge 
joins the palatine, and, anteriorly, it unites with the vomer and 
premaxillary. The posterior part of the upper edge is rounded 
to form the lower portion of the orbit. 

The premazillaries are longer than broad, with a deep cutting 
edge. At the base of this edge, the lower surface of the pre- 
maxillaries are excavated, forming a rather deep pit on the 
median line perforated by a foramen. Externally, the surfaces 
of the premaxillaries are rugose and pitted. They form the 
lower surface of the anterior nares, the edge of the jaw formed 
by the maxillaries and premaxillary being the lowest part of 
the arc. 

The prefrontals are strong and thick. They are united on 
the median line for the anterior two-thirds of their length, and 
rapidly separate to inclose the anterior ends of the frontals. 
United with the ascending process of the maxillaries, they form 
the upper and lateral edges of the anterior nares, which are 
completed by the premaxillaries below. The nares are large 
and a little broader than high. Posteriorly the outer edge of 
the prefrontals form the anterior portion of the upper border of 
the orbit. The frontals narrow anteriorly, to be inserted be- 
tween the prefrontals, and far forward beneath them, appear- 
ing much further forward on the inferior than on the superior 
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surface. They expand rapidly posteriorly, and join the parie- 
tals by an almost straight suture. The external edges become 
quite thin, and are concave from in front backwards. They 
form the upper rim of the orbit for about two centimeters. 
The lower surface of each bone shows a sharp ridge near the 
middle running antero-posteriorly. This ridge is highest and 
sharpest near the anterior edge, and the two include between 
them adeep groove, broadest at the two extremities, and slightly 
contracted in the middle. 

The parietals are incomplete posteriorly. Anteriorly they join 
the frontals, and then diverge laterally. They form a part of 
a very complete temporal roof. From the under side of each 
bone, a thin vertical plate descends as in Chelonia, and was 
probably joined to the pterygoids by a slender epipterygoid. 

There is no trace remaining in the specimen described of the 
postorbito-frontals. In a second specimen of a different species 
they show much the same outlines as in the modern Chelonia, 
uniting with the parietal above and malar below. They form 
the posterior edge of the orbit. 

The jugal joins the posterior end of the maxillary with the 
quadrato-jugal behind; it is narrow vertically, with a concave . 
lower border, so that the lower line of the skull rises posterior 
to the maxilla. The upper edge is thin and sharp anteriorly, 
and forms the posterior part of the lower border of the orbit. 
The posterior part of the superior margin joins the postorbito- 
frontal, and a broad process from the inner side joins the ptery- 
goids. 

The orbit was rather large, roundly ovate in outline, and 
somewhat broader posteriorly than anteriorly. 

The sguamosal joins the upper part of the quadrates laterally, 
and the quadrato-jugals and postorbito-frontals anteriorly. The 
internal margin unites with the parietal. The bone is thin 
and plate-like, somewhat triaagular in outline, broad externally 
and narrower internally, where it is wedged in between the 
parietal and postorbito-frontal. The posterior margin is quite 
concave, and is continuous with a similar concavity of the pos- 
terior margin of the parietal, forming a deep emargination in 
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the posterior border of the temporal roof, much deeper than in 
Chelonia. 

The supraoccipital is comparatively short and stout. It ex- 
tends well forward under the parietals, and has a short, strong, 
posterior process, with a deep groove on its inferior face. The 
superior surface of the process is nearly straight, and presents 
no trace of the strong convexity shown in 7’ serrifer. 

The vomer is broad and strong anteriorly, with a concave in- 
ferior face. This expanded anterior portion, together with the 
maxillaries, forms the anterior edge of the posterior nares. At 
the anterior end of the nares the bone contracts sharply, and 
sends back a long, flat process to reach the posterior end of the 
palatines. On this process is developed a strong ridge, becom- 
ing obsolete as it approaches the posterior end, which separates 
the posterior nares. These nares are oval in outline, and lie 
well forward. ‘There is no tendency towards a cover for these 
on the lower surface by an expansion of the vomer or palatine, 
as in the recent sea turtles. 

The palatines are broad, thin plates of bone, attached by the 
anterior part of their lateral edges to the maxillaries. Just in- 
ternal to this suture there is a strong antero-posterior rugosity, 
which does not rise above the level of the alveolar surface. 
From the edge of this rugosity the bone bends upward sharply, 
and is excavated to form the posterior nares. Posteriorly the 
bone expands and becomes thin and plate-like. Above the 
vomer, the posterior border of the palatines clasps the anterior 
margin of the pterygoids. The external margin of the posterior 
portion is excavated, to form with the maxille a large foramen 
—the palatine foramen—which is completed by the pterygoids 
and jugals behind. This foramen is about two centimeters 
long by one broad. 

The pterygoids are firmly united on the median line on their 
anterior half. The anterior extremity is underlaic, and pre- 
vented from appearing on the roof of the mouth by the vomer. 
From near the anterior extremity, they send out lateral proc- 
esses to join the jugals. Posteriorly each sends a broad and 
long process to articulate with the quadrate.. The distal end of 
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this process is perforated by a large foramen. Between the 
posterior end of the pterygoids there is a small triangular 
space into which is wedged the basisphenoid ; this, as in alJ the 
sea turtles, appears very slightly on the lower surface of the 
skull. This triangular surface of the basisphenoid is very rugose. 

The basioccipital presents a broad, slightly concave, lower 
surface, on a somewhat higher plane than that of the basisphe- 
noid, so that there is a sharp offset of about a half a centimeter 
at the junction of the two. Near the posterior end, the bone 
turns sharply upward. Near the center of the bone, two small 
tuberosities are seen on the angle thus formed, on each side of 
a slight concavity in the median line. The occipital condyle 
is distinctly tripartite ; the lower portion is formed by the basi- 
occipital and has an antero-posterior length of about one centi- 
meter. 

The exoccipitals form the lateral thirds of the occipital condyle. 
They extend for some distance laterally and apparently separate 
the basioccipital from any contact with the opisthotic. They 
form the sides of the foramen magnum, which is completed 
above by the supraoccipital. Each bone is pierced on the lower 
side by a large foramen. 

The opisthottc joins the supraoccipital and petrosal in front, 
the exoccipital behind, and runs outwardly to join the posterior 
border of the quadrate. Near the posterior edge, a strong, 
sharp ridge extends the full length of the bone. At the distal 
extremity there is developed on the posterior margin a promi- 
nent rugosity just before the bone unites with the quadrate. 
This gives to each side of the cranial region a concave posterior 
outline, corresponding somewhat to that of the temporal roof. 

The quadrates have the sides of the stapedial notch closely ap- 
proximated, but not so much so as in 7’. serrifer. The whole 
bone is inclined somewhat backwards, so that the lower ex- 
tremity was the most posterior. The articular face is rather 
broad, and is divided into two parts, an outer and an inner, 
by adeep notch. The ale are short, and show articular sur- 
faces all around the convex edges for the squamosal and quad- 
rato-jugal. From the outer extremity of the articular face a 
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strong ridge runs far inward toward the brain-case, and receives 
the distal end of the pterygoid bone. Below the opening of the 
stapedial notch, the posterior margin of the bone is swollen and 
rugose. The petrosal is somewhat distorted; it is elongate, 
and joins the supraoccipital, opisthotic and pterygoids inter- 
nally, and the quadrate by a strong sutural area externally. 
Between the proximal extremity of the petrosal and the ptery- 
goid is alarge oval foramen. Just proximate to the junction 
with the quadrate there is a strong, rugose area for attach- 
ment of the masseter. The lower surface of the skull is seen in 
plate LXXIx. 

The mandible has a flat alveolar surface, with the outer border 
scarcely raised above the surface. There is no beak, and the 
symphysis is quite short. The specimen described is incom- 
plete, terminating at the posterior end of the dentary bone. 
The jaw at this point is very low; much lower, proportionally, 
than in 7. serrifer. The inner surface of the dentary is marked 
by a shallow groove. Plate Lxxx1, figures 4, 5. 

The head of 7. latiremis as a whole is broad behind, becom- 
ing gradually narrower anteriorly, to about the hind termination 
of the maxillze, where the jaws rapidly approach each other to 
form a rather blunt point, which is completed by the premaxil- 
laries. The skull is somewhat flattened from above downward, 
giving a general appearance of that of Thalassochelys. 

The scapula has the form characteristic of the sea turtles. 
The neck is comparatively long, and supported by a rather thick 
extremity, which bore two articular faces. One, the upper, 
or rather the outer, is supported on a prominent ridge arising 
from the base of the scapular portion; it is triangular in out- 
line, and afforded attachment to the proximal end of the cora- 
coid. The second face is the scapular face of the glenoid cavity ; 
it is somewhat oval in outline, and joins the coracoid face at a 
little less than aright angle. The margins are thickened and 
rugose. Behind the expanded portion of the bone bearing these 
two faces the neck is much contracted, and then expands rap- 
idly to form the body of the bone, from which spring the scapula 
proper and the proscapular process. These were slender and © 
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elongate, slightly expanded, and rugose at the extremities, for 
ligamentous attachments. The two processes join each other at 
an angle of ninety degrees. The scapular process is about one- 
third longer than the proscapula and is a little thicker. Plate 
LXxx, figure 1. 

The coracoid is comparatively short, being less in length than 
the scapula proper. It presents an expanded end, divided 
into a scapular and a humeral face. The latter is the larger, 
equaling in size the humeral face of the scapula. The glenoid 
surface as a whole is large, wide open, and shallow. Behind 
the head, the shaft of the bone becomes contracted and then 
gradually expands to a broad, spatulate extremity, marked by 
rugose strie. The shortness of the bone and its broad distal 
extremity are its characteristic features. Plate Lxxx, figure 2. 

The humerus is represented by a fragment of the proximal end 
only of a large specimen, which shows that it was not divided 
into two parts, one for the head and the other for muscular at- 
tachment, as in Protostega and the existing sea turtles, but was 
covered by a single articular surface, which is broader on the 
inner side. The same feature is shown in a nearly perfect 
humerus of a smaller specimen. Plate Lxxx1, figures 3, 6, 7. 

The radius and ulna are unknown. The front foot, or manus, 
as shown by a few bones from this region, was modified to form 
an elongate flipper, with short carpus and long, slender digits, 
much as in the modern loggerhead turtle. Plate Lxxx11, fig- 
ures 1, 2. 

The pelvis is represented by the ilia and a single ischium. 
The lium is a strong bone, indicating an animal of considerable 
size. The proximal end shows three faces, two for the ischium 
and pubis, and the third for a part of the acetabulum. The 
first two are nearly equal in size, meet at an obtuse angle, and 
are separated from each other byasharpridge. The acetabular 
face lies on the outer side of the bone, nearer the posterior than 
the anterior side. The ridge that separates the ischial and 
pubic faces meets a little in front of the middle of the inner 
border of the face. The iliac face shows that the acetabulum 
- was nearly circular in outline and moderately deep; the rim is 
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sharp, and elevated above the rest of the bone. At about its 
upper third, the bone turns sharply backwards, and is rough- 
ened. Plate uxxxi, figure 8. 

The pubis of this form could not have been very different 
from the same bone of Chelonia, broad and flat anteriorly and 
contracted behind. 

The ischium is broad and flat, constricted in the middle, 
the anterior border being strongly concave, as is the poste- 
rior border above and below the ischial spine. On the upper 
part of the iliac end are the two facets for the iium and 
pubis, which meet about in the middle. Both facets are elon- 
gate oval, slightly concave. The ischial portion of the ace- 
tabulum is narrow. The symphysial facet is long, slender, and 
crescent-shaped. The iliac spine extends backward nearly at 
right angles to the axis of the bone, immediately below its 
middle. It is rather large; its end is broken away in the 
single specimen examined. The upper surface of the ischium, 
near its edge, from the ischial spine to the central symphysis, 
is distinctly rugose; along the symphysis the rugosity is less 
pronounced. Plate Lxxx1I, figure 6. 

The femur is rather long and slender, weaker than the hu- 
merus, and evidently supported a much less powerful limb. 
The proximal end shows a well-developed head, oval in outline 
and supported on a distinct neck. On either side of the head 
are two tuberosities; the larger and internal one is separated 
from the head by a distinct notch and stands well out from the 
body of the bone. It is rugose, for muscular attachments. 
The anterior tuberosity is smaller, and seems to be only a small 
expansion of the external part of the head. These tuberosities 
give to the proximal end of the bone a tripartite appearance, of 
which the head is the middle, and is situated almost entirely in 
the internal side of the bone. Behind the head, on the external 
side, there is a deep concavity, which is in part due to crushing 
in the described specimen. The middle portion of the bone is 
contracted into a slender, regular shaft in the middle third. 
The bone expands into a broad, spatulate distal end, which 
shows no distinct division into facets for the tibia and fibula. 
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The distal end is nearly as broad as the proximal, but this may 
be largely due to post-mortem compression. Plate Lxxxt1, fig- 
IRE Sy Ay 2 

The tibia and fibula are unknown. 

The hind foot is represented by an incomplete specimen. The 
first digit was shorter than the others, and terminated in a 
strong claw. ‘There were four phalanges, all short and strong. 
The first one, longer than the others, had slightly expanded 
proximal and distal ends and strong articular faces, for the tar- 
sus and the succeeding phalanx. The next two phalanges are 
shorter than the first, and have a pit for muscular attachment 
on each side of the distal extremity. They are flattened on the 
posterior side and convex on the anterior. The terminal claw 
is strong and much curyed. The phalanges of the remaining 
digits are longer and more slender. The terminal one is not 
developed into a claw, but is long and slender, and thin at the 
extremity. In all probability it did not penetrate the skin of 
the foot. 

Certain bones of the tarsus are preserved, but are so badly 
crushed that their true shape and position cannot be determined. 


Toxochelys brachyrhinus, sp. nov. 


A nearly complete skull seems to indicate an undescribed spe- 
cies. The individual bones are very similar to those described 
as 7. latiremis, but the proportions of the whole skull are so 
very different that one is warranted in considering it as the 
representative of a yet undescribed species. Instead of the 
broad posterior end rapidly contracting anteriorly, the sides are 
much more nearly parallel, and the anterior end, instead of 
terminating in a sharp nose, with much divergent mavxillaries, 
is so blunt as to give an almost square appearance. The quad- 
rates are nearly equal in height to those of a specimen of T. 
latiremis, though the skull is shorter and much narrower. The 
upper surface of the roofing bones show a strong sculpture of 
deep pits and rugose lines, not observed in the specimens of 
other species. An upper view of the skull is shown in plate 
LXXXIV. 
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Toxochelys serrifer. 
Toxochelys serrifer Cope, Cret. Vert., p. 299. 


The skull of this species is represented in the University col- 
lection by the anterior portion, the quadrates, the basisphenoid, 
the pterygoids, the supraoccipital and petrosal, and the anterior 
part of the mandible. 

The maxillaries have a flat, broad, alveolar space posteriorly, 
the cutting edge evidently rising sharply, though quite low. 
Anteriorly the edge becomes deeper, and the face of the alveolar 
space is quite concave. Posteriorly there is a broad suture for 
the jugal, and anteriorly the maxillaries unite with the pala- 
tines and premaxillary. The union with the palatine is marked 
by a prominent rugose ridge, much stronger than in T. latiremis. 

The premazxillaries are short, deeply concave on their lower 
surface, with a deep cutting border. Posteriorly they unite 
with the palatine and vomers, laterally with the maxillaries, 
externally they form the lower margin of the external nares. 

‘Fhe palatines are incomplete posteriorly. Anteriorly they are 
thickened and rugose, forming the prominent margins men- 
tioned. They are united with the vomer on the median line. 
The anterior border of the vomer is excavated by a deep groove, 
from the posterior extremity of which a ridge extends posteriorly 
along the median line separating the choane. These are oval 
in outline, and extend almost directly forward. There were 
probably palatine foramina at the posterior end of the palatines, 
but they are not indicated in the specimen. 

The prefrontals are elongate antero-posteriorly, and join in 
the middle line in front, where they form the upper border of 
the external nares. Posteriorly they diverge, leaving a V-shaped 
area, which clasps the anterior part of the frontal. The pre- 
frontals extend backward to near the middle of the upper border 
of the orbit. They are joined to the vomer below by descend- 
ing processes from their anterior part. | 

The external nares are formed by the premaxillaries below, the 
ascending processes of the maxillaries laterally, and the pre- 
frontals above. They have a much greater vertical than hori- 
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zontal extent, being a high, narrow opening, and differing 
materially from what they are in 7. latiremis, where the opening 
is broader than high. 

The frontal is elongate antero-posteriorly, joined with that of 
the opposite side. Anteriorly the two become narrowed and 
pass between the divergent ends of the prefrontals. The middle 
portion of the outer border is concave, and forms the upper part 
of the orbital rim. The posterior end is the broadest part of the 
bone, and presents a semicircular articular margin for the 
parietals and postorbito-frontals. On the inferior surface of 
each bone there is a sharp ridge, running antero-posteriorly. 
These ridges inclose between them a deep groove, which be- 
comes wider at the posterior end. 

The parietals are wanting in the material at my command. 
Cope says in describing the type specimen: ‘‘ The free border 
of the parietal on one side, though not well preserved, indicates 
that the temporal fossa is partly roofed, as in Chelydra.”’ 

The postorbito-frontals are not preserved. 

The orbit was large, oval in outline, with the greatest diam- 
eter antero-posterior. The superior and inferior borders are 
‘‘ subparallel for a short distance.”’ 

The squamosal and petrosal are indicated by fragments at- 
tached to one of the pterygoids, but are too imperfect for de- 
scription. 

The supraocc/pital is represented by the posterior median proc- 
ess; this is very large, with considerable vertical, as well as 
antero-posterior extent. The lower edge is straight, and the 
upper strongly convex, forming nearly a semicircle. 

The pterygoids. are closely united in the median line, and 
extend forward to join the palatines. They are slightly con- 
tracted before the lateral process is given off to join the 
quadrate. Posteriorly the pterygoids are separated by the 
basisphenoid, which is wedged in between them, and appears 
on the lower surface a rugose, triangular, somewhat concave 
surface. 

The quadrate is short and strong. The sides of the stapedial 
notch are so closely approximated that it may be best described 
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as a fissure. The alar portion is small and not expanded. 
Just opposite the stapedial fissure there is a small, but strong 
articular surface for the petrosal. The superior end is very 
broad and rough, and was probably overlain by the squamosal. 
The borders of the alar portion show traces of sutural connection 
with the quadrato-jugal throughout its length. The lower 
articular surface is almost flat, somewhat constricted in the 
middle portion, and looks a little forward as well as downward. 

The mandible is thus described by Cope: ‘‘ The dentary bone 
is stouter, but not as large as in T’. latiremis, and is flattened 
concave on its superior alveolar face, whose outer border, 
though sharp, is not elevated above the level of the inner 
border. The symphysis is short and there is no beak. The 
inner face of the dentary is a broad, shallow groove.’’ The 
grooye on the inner side of the dentary is rather deep to be 
described as broad and shallow. The symphysial portion is ex- . 
tended into a slight but unmistakable beak. 

The carapace was formed much as in the existing sea turtles. 
The ribs are expanded, and suturally united for about their 
proximal third on the anterior part of the carapace, and for 
rather more than half of their length on the eighth and ninth. 
The expanded portion contracts rapidly, leaving the slender 
portion to join the peripherals. Proximally the expansion ex- 
tends beyond the head of the rib and articulates closely with 
the neurals, leaving no opening in the carapace in the middle. 
The head of the rib extends well away from the flattened plate, 
bending downward to articulate between the vertebre. The 
plates are suturally united with two neurals, the dividing suture 
dividing the neurals meeting the rib plate at about its middle. 
The proximal portion of the superior surface of the ribs shows 
no sculpturing, other than a slight pitting, but, on the under 
side, lines radiating from the origin of the head extend to the 
distalend. Only the posterior part of the carapace is preserved, 
showing five of the eight functional ribs, and the proximal part 
of the tenth. The anterior of these are the longest, becoming 
gradually shorter posteriorly, indicating a blunt, heart-shape 
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outline for the carapace. The last three ribs are turned 
backwards with a marked obliquity; the anterior ones pass 
directly outwards. The neurals are known only from the pos- 
terior part, the last four being preserved. The seventh and 
eighth, the first two preserved, are rather longer than broad 
and are V-shaped in section, the two sides meeting in rather a 
sharp ridge above. The upper part extends posteriorly to 
articulate with the following bone by an overlapping joint. 
The ninth is small and closely connected with the tenth, which - 
is the largest of the series. This is rather narrow anteriorly, 
but expands rapidly posteriorly, to near the end, and then con- 
tracts abruptly, forming sharp, flat wings upon the sides. The 
expanded proximal ends of the tenth ribs articulate with the an- 
terior margin of these wings. Posteriorly the tenth neural ter- 
minates in a rounded process elevated above the rest of the bone, 
which extends backward to join a similar process on the anterior 
face of the pygal. The posterior end of the ninth neural does 
not overlie the adjoining portion of the tenth, but the two are 
connected by a separate, thin overlying ossicle of bone which 
rises above the general level of the carapace and forms an im- 
bricating joint. The anterior border of this ossicle rises gradu- 
ally and then terminates abruptly posteriorly, making a very 
prominent elevation. 
The peripherals are represented by a nearly complete series. 
The pygal has a greatly thickened anterior border, from which 
springs a rounded process to join the tenth neural. The pos- 
terior margin is very thin, giving the bone a triangular form in 
cross-section. ‘There is a deep notch on the hind margin at the 
end of a short groove, which begins at about the middle of the 
upper surface. he peripherals joining the pygal are not so 
thick in the middle; the internal border is, however, much 
thicker than the external. There is no groove or pit for articu- 
lation with the rib. The next three, probably the ninth, tenth, 
and eleventh, have much the same characters as that adjacent 
to the pygal, except that the internal border becomes progress- 
ively thicker. There is a slight sculpture formed by radiating 
lines from the middle of the upper surface of the bone. ~ 
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The next four—probably the fifth, sixth, seventh, and eighth— 
have a very thick internal border, rapidly contracting externally 
to form asharpedge. The internal surface of each of these is 
marked by a deep, round pit, which received the end of a rib. 
The anterior members of the series are represented by two 
or three short, slender and almost cylindrical elements, which 
show no trace of articulation with the ribs. The nuchal is 
aTrather thin flattened bone, with a rounded, concave anterior 
margin. The whole bone is convex from side to side. Its out- 
line is much the same as in Protostega. There are two large, 
wing-like lateral expansions, becoming very thin at their pos- 
terior and lateral margins; and a posteriorly extending process 
from the center of the hind margin. Plate Lxxxi1, figure 3; 
plate Lxxx111, figure 1. 

The plastron is represented by the hyoplastron, hypoplastron, 
and xiphiplastron. There is no trace of the entoplastron or the 
epiplastron. The anterior end of the hypoplastron is still inter- 
locked and held in position by one of the neurals that has been 
pressed down upon it from above. The two sides are slightly 
displaced in the antero-posterior direction. 

The /yoplastron is joined to the hypoplastron by a compara- 
tively broad area and suture closely resembling the condition in 
Chelonia. The anterior process extends well forward and in- 
ward, and interlocks by a strong digital process at its posterior 
and middle portion with the corresponding bone of the opposite 
side. At the anterior part the digitations are weaker and more 
slender. The lateral process does not start from the posterior 
margin of the bone, but from a point about a centimeter ante- 
rior toit. It extends outward and a little forward quite to the 
peripherals, and terminates in strong digitations. On the under- 
side there is a short, rugose elevation, about a centimeter long, 
running antero-posteriorly, located near the base of the anterior 
process. ° 

The hypoplastron is quite similar to the hyoplastron in out- 
line, and of nearly the same size. The posterior process is shorter 
antero-posteriorly, and extends inward and backward and is in- 
terlocked with the hypoplastron of the opposite side, as in the 
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case of the hyoplastron. Near the internal border it articulates 
strongly by an overlapping joint with the xiphiplastron. 

The lateral process starts a little posterior to the articulation 
of the hyo- and hypoplastra, thus leaving quite a space between 
the two processes. It extends outward and slightly backward 
and terminates in strong digitations, as does the lateral process 
of the hyoplastron. There is a rugosity on the lower surface 
similar to that on the hyoplastron, and located in about the 
same position. 

The wiphiplastron is elongate antero-posteriorly, rounded on 
the outer border, and broken into deep serrations on the inner. 

There was a fontenelle of considerable size, as shown in 
the figure. 

The ilium of the right side is all that is preserved of the pel- 
vis. It is short and rather strong. The proximal portion is 
slightly expanded, with the usual three faces. The posterior 
border of the acetabulum is raised and is much thicker here 
than elsewhere. Anteriorly it is thinner, and there is no pro- 
nounced rim to the acetabular cavity. Above this end the shaft 
contracts slightly, and then expands to form the broad and thin 
distal end. This end is extended forwards so that it lies at 
almost aright angle to the remainder of the bone. Plate Lxxx, 
figure 9. 

Two small bones, slightly curved, with elongated shaft, and 
slightly expanded extremities, may belong in the forearm. 
There are several phalanges of the front foot present, show- 
ing that it was developed into a long swimming organ, as in 
Chelonia. 

A single caudal vertebra from near the middle of the series is 
about a centimeter long. It presents well-defined transverse 
processes. The body is contracted in its middle part, and shows 
a slight groove on its lower surface. There is no trace of facets 
for ¢heyron. 

The humerus presents an unbroken proximal articular sur- 
face. In this it differs from the existing sea turtles, where 
the head is separate from the radial crest. The articular sur- 
face is semicircular near its middle, is expanded, and extends 
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on the outer surface of the bone, which is the head proper. 
The part representing the radial crest is lower than the re- 
mainder and bent inward, so that it stands at an angle to the 
rest of the bone. The whole proximal end is thin and convex 
externally. Below the expanded portion the shaft of the bone 
is contracted and thicker, but does not become cylindrical. The 
distal end is thin and expanded, with the articular surface thin 
and continuous. There is a groove on the internal side of the 
distal end, indicating the position of the entepicondylar foramen. 
Plate Lxxx, figure 7. 

The coracoid has a rather small head, with two articular faces. 
Back of the head tbe bone is much contracted to form a shaft 
somewhat triangular in outline, and is then gradually expanded 
into a broad, spatulate extremity. The bone is a little shorter 
than the humerus. Plate Lxxx, figure 6. 


EXPLANATION OF PLATES. 
(Pages 389 to 411.) 


PLATE LXXIII.— Skull of Desmatochelys lowii Williston, from above. pm, 
premaxillary; ma, maxillary; pfr, prefrontal; n, nasal; pa, parietal; j7, 
frontal; pof, postfrontal. 

PLATE LXXIV.—Skull of Desmatochelys lowii from below. ima, mandible; 
ch, choana; ma, maxillary; plf, palatine foramen; pal, palatine; pt, 
pterygoid. 

PLATE LXXV.—Right humerus of Desmatochelys lowii. 


PLATE LXXVI.—Fig. 1, right marginal and adjacent plastral bone of Desma- 
tochelys lowii; fig. 2, pygal and contiguous right marginal of same; figs. 
8, a, b,c, metacarpals of same; 9,10, 11, undetermined bones of front limb. 


PLATE LXXVII.— Desmatochelys lowii. Fig. 1, coracoid; fig. 2, radius and 
ulna, a, (?); fig. 3, seapula-proscapula. 


PLATE LXXVIII.—Desmatochelys lowti. Fig. 1, right pelvic bones, inner 
side: 1, ilium, la, ischium, 1b, pubis; fig. 2, femur; fig. 3, carpal; fig. 4, 
caudal vertebra. 


PLATE LXXIX.—Skull of Toxochelys latiremis Cope, palatal view: pma, 
premaxillary; mx, maxillary; p, palatine; pt, pterygoid; bo, basioccipital ; 
exo, exoccipital; so, supraoccipital; g, quadrate; ju, jugal. ‘ 

PLATE LXXX.— Toxochelys. Fig. 1, scapula, right side; fig. 2, right cora- 
coid; fig. 3, left hyoplastron; fig. 4, left hypoplastron; fig. 5, left xiphi- 
plastron; fig. 6, coracoid of a small specimen; fig. 7, humerus of same; 
fig. 8, femur of same; fig. 9,ilium of same. Figs.1,2, 7. latiremis, others, 
T. serrifer. 

PLATE LXXXI.— Toxrochelys latiremis. Figs. 1,2, femora; fig. 3, upper end 
of same; fig. 4, lower jaw, from above: fig. 5, inner side of lower jaw; figs. 
6, 7, upper ends of humeri; fig. 8, right ilium; fig. 9, outline of pelvis of 
Chelonia; figs. 10 to 13, carpal bones. 


PLATE LXXXII.—Fig. 1, fourth or fifth finger of Toxochelys latiremis; fig. 
2, first finger of same; fig. 3, nuchal plate of same; fig. 4, under view of 
anterior part of skull of Toxochelys serrifer Cope; fig. 5, the same, upper 
view; fig. 6, ischium of Toxochelys latiremis. 


PLATE LXXXIII.—Fig. 1, posterior portion of carapace of Toxochelys serri- 
fer; figs. 2, 3, 4, cervical vertebrex of 7. latiremis. 
PLATE LXXXIV.—Fig. 1, upper view of skull of Toxochelys brachyrhinus 
Case, reduced; fig. 2, the same, restored, natural size. 
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By C. E. McCLUNG. 
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MICROSCOPIC ORGANISMS OF UPPER CRETACEOUS. 
By C. E. McCLUNG. 


Amone the numerous organic remains occurring in the Upper 
Cretaceous of Kansas, the microscopic organisms are not the 
least interesting and important. In the study of the minute 
forms of life here found, an interesting field for investigation 
presents itself, concerning which the present paper gives ac- 
count of merely a brief incursion therein. This would have 
been more complete were it not that the material for study was 
only such as had been collected for other purposes, and so the 
opportunity was lacking. However, representative samples 
from, six of the thirteen beds were obtained and carefully 
studied. Of these, five have rewarded the writer with evidences 
of their organic origin. Those represented were the Lisbon 
shale, Hesperornis, Rudistes, Fort Hays, Inoceramus and Lin- 
coln marble beds. All of these except the first mentioned 
exhibited well-preserved fossil remains, and this, perhaps, 
might haye done so had more of the material been at hand for 
study. 

Particular interest centers around the beds of the Niobrara 
group, for here we find the Kansas chalk which has been more 
thoroughly investigated and has been more discussed than any 
of the other deposits. 

English chalk, as is known, is composed almost wholly of 
foraminiferal remains, imbedded in a matrix consisting of in- 
organic particles, and the curious discs and rods known as 
Coccoliths and Rhabdoliths. From the method of chalk forma- 
tion, it would naturally be supposed that all similar Cretaceous 
rocks would haye a like structure, but for a long time it was 
denied that there is any true chalk in America, such a state- 
ment being found in the text-books of Leconte and Winchell. 
It was not until 1875 that proof was forthcoming necessary to 
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establish beyond a doubt the presence of chalk in America. 
This was furnished by a specimen from Kansas and reported as 
Kansas chalk. In the same year Professor Patrick, of the State 
University, presented a paper upon the subject before the 
Kansas Academy of Science, in which he asserted his belief that 
organic remains were not present, the deposit being formed 
merely by the chemical precipitation of calcium carbonate. 

Later, in 1852, W. 8. Bunn, a student in the University, 
found, under high magnification, definitely formed bodies. This 
led Professor Patrick to withdraw from his former position, 
and to ascribe the formation of Kansas chalk to the same 
agencies as were instrumental in the production of English 
chalk. At the meeting of the Kansas Academy of Science in 
1882, Professor Patrick again spoke upon the subject, and 
described in detail the appearance of the forms first observed by 
Mr. Bunn. By the use of a higher power than any formerly 
employed by him, he was able to make out the structure of the 
different forms. These he described as circular and oblong 
bodies, marked by dark spots variously arranged, and as long 
rod-like bodies, haying no apparent structure. Remains of 
Foraminifera were probably not observed, as no mention was 
made of them. 

The next account of the subject appears in a paper by Dr. S. 
W. Williston, read before the Kansas Academy of Science in 
1890. By him the true character of the forms described by the 
other investigators was recognized, and in addition he detected 
the presence of Foraminifera and sponge spicules. The most 
abundant variety of the Foraminifera was ascribed to the genus 
Textularia, but no specific determinations were made. The pur- 
pose of the present paper is, so far as possible with the material 
at hand, to complete the researches thus begun; to determine 
specifically the organisms represented in the deposits; and to 
ascertain if there is any variation in the number or species of 
the different beds. 

Since the character of the results depends very much upon 
the methods of investigation, a brief account of those employed 
in the present research may not be inappropriate. Heretofore, 
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microscopical examinations of the deposits have been made by | 
triturating the substances to a moderately fine powder, and by 
elutriation, separating the desired forms from the rest. So far 
as the smaller remains, Coccoliths and Rhabdoliths, are con- 
cerned, this method is entirely satisfactory, but a few trials of 
it in search for Foraminifera convinced the writer that it is 
anything but a desirable process. This much might be inferred 
from the results obtained by the early investigators who dis- 
covered the minute Coccoliths and overlooked the large Fo- 
raminifera. The delicate tests of these creatures are almost 
invariably broken in the crushing of the specimen, and but little 
conception of their forms and none of their number can be 
obtained. 

Evidently the only proper way to study them is in sections, 
where their form and relation to each other are preserved un- 
disturbed. Some difficulty arose at first in the preparation of 
sufficiently thin sections of such.a soft and friable substance as 
the chalk, which becomes a mere paste when rubbed on the 
stone with water. As a means of overcoming this obstacle, in- 
filtration with shellac was tried, and proved all that could be 
desired. Fragments of the substances were ground or pared 
down to the required size, and the tablets thus formed were 
allowed to absorb all of an alcoholic solution of shellac that 
they would take up, and were then baked in an oven until dry. 
Thus prepared, they were quite hard and tough, and submitted 
readily to grinding upon a stone, or upon a glass plate charged 
with fine emery powder and water. 

Two or three hours usually suffices to drive off the alcohol 
from the shellac, and then the specimens are ready to be re- 
duced to sections. First, one surface is carefully worked down 
on the stone until it is perfectly planeand smooth. Then some 
hard balsam is melted upon a glass slip and the smooth surface 
of the specimen pressed down upon it and held there until the 
balsam becomes cold and hard. By this means it is firmly 
fastened to the glass, and can be rubbed down upon the stone 
until a section of sufficient thinness has been obtained. It is 
then carefully washed off in water, dried in air, and mounted 
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under a cover glass with balsam. Specimens thus prepared 
show clearly, notonly the form of the imprisoned shells, but also 
their arrangement and the number in a given area. Surface 
markings are as plainly apparent as in the isolated tests, for at 
one or more places the abrasion has occurred in such a way as 
to exhibit the shell free from the matrix. Above all, every- 
thing existing in the space occupied by the section is present 
and visible, and is not dependent upon chance for discovery. 


FORAMINIFERA. 
Subkingdom....... PROTOZOA. 
Glass). Rye nce RHIZOPODA. 
Order ae. aera Foraminifera. 


Suborder A: Currrnosa Schwager. 
Test chitinous, imperforate, occasionally incrusted with aggiutinated 
particles; pseudopodial opening at one or both ends. 
Family.—Gromiide. Not found fossilized. 


Suborder B: AGGuuTinantTia Schwager. 


Test of agglutinated silicious particles, held together by an argilla- 
ceous or silicious cement. 


Family 1.—Astrorhizide Brady. Paleozoic to Recent. 
* Family 2.—Lituolide Brady. Carboniferous to Recent. 
* Family 3.—Orbitolinide Zittel. Through Cretaceous. 


Suborder C: PorcELLtanea Schwager. 
Test calcareous, porcellaneous, imperforate. 
Family 1.—Nubecularide Brady. Triassic to Recent. 
Family 2.—Peneroplide Schwager. Triassic to Recent. 
* Family 3.—Miliolide Carpenter. Triassic to Recent. 
Suborder D: Virro-caLtcaREA Schwager. 
Test calcareous, vitreous, perforate, sometimes silicious, finely per- 
Forate. 


* Family 1.—Lagenide Carpenter. Silurian to Recent. 
* Family 2.—Textularide Schultze. Carboniferous to Recent. 
* Family 3.—Globigerinide Carpenter. Triassic to Recent. 
* Family 4.—Rotalide Carpenter. Silurian to Recent. 
Family 5.—Fusulinide Moller. Carboniferous. 
Family 6.—Numulinide Moller. Carboniferous to Recent. 


The Foraminifera belong to the subkingdom Protozoa in the 
class Rhizopoda. They form an order characterized by their 
immense numbers, great variety of forms, and long geological 
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history. In size they vary from 1-100 of an inch to three inches 
in their longest diameter, not taking into consideration the 
problematical Hozoon which covers an area a foot square. In 
their distribution they are almost omnipresent, being found in 
nearly every body of water, salt or fresh, and at all depths. 
Although usually small in size, so numerous have they been in 
the past that extensive strata of rocks are composed to a great 
extent of their remains. At present their numbers show little, 
if any, sign of decrease; multitudes of them still inhabit the 
seas, and as they die add their skeletons to the abyssal sediment 
that represents the strata of rocks now in the process of forma- 
tion. Over 2000 species have been noted, and of these one-third 
are now living. Their geological range, so far as known, is 
from the Silurian to the present time. 

In general the Foraminifera may be described as minute, 
nucleated, protoplasmic bodies, invested with a shell, through 
which the body substance, or sarcode, is protruded at one or 
more points. So far as the living substance, the animal itself, 
is concerned, there is little difference between the species ; indeed, 
even between them and their shell-less fellow Rhizopods be- 
longing to different classes. Motion, limited as it is, and pre- 
hension are accomplished by the protrusion and retraction of 
thread-like, anastomosing pseudopodia through the numerous 
foramina in the shell, or through the mouth opening in the im- 
perforate forms. Digestion takes place at any point in the 
body of the animal, and excretion of waste material proceeds 
merely by the ejection of the undesirable material from any 
convenient area at the surface. Reproduction occurs by a proc- 
ess of budding, the resultant individuals being separated off as 
independent organisms, but more frequently remaining attached 
to the parent, thus forming the ‘‘ composite’’ animal. 

Because of this similarity existing between the living matter 
of the Foraminifera and the other Rhizopods, no particular in- 
terest attaches to this part of their organization. It is the 
shells secreted that are noteworthy. These are remarkable for 
their great variety and beauty of form. Their structural rela- 
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tionships also furnish the basis of classification and are of added 
interest on that account. 

Morphological difference here, as elsewhere, is merely the ex- 
pression of differences in physiological activity, the form of the 
shell registering the growth habit of the organism. In modern 
methods of classification this fact is recognized, and where 
formerly distinctions were made upon the plan of growth, now 
they depend largely upon the results of functional processes. 
Therefore separation of the order of Foraminifera into the dif- 
ferent suborders is based upon the character and use of the 
materials chosen for the shell, and there results, accordingly, 
the Chitinosa, the Agglutinantia, the Porcellanea, and the 
Vitro-calcarea. 

Under the CuiTinosa are found species that enclose them- 
selves in a soft chitinous shell and extrude the protoplasm 
through one or two comparatively large mouth openings. These 
forms are almost exclusively of fresh-water habit, and because 
of the character of the shell, are never found fossilized. In the 
present instance, therefore, little interest attaches to them. 

The suborder AGGLUTINANTIA is distinguished from others by 
the fact that members of it have tests built up from particles of 
foreign matter fastened together with a cement. These constit- 
uent fragments are usually silicious in character, but, in the 
absence of the desired material, minute bits of calcareous or 
other substances are used. The resulting shells are naturally 
thicker and rougher than those formed of a homogeneous sub- 
stance, but otherwise they bear a general resemblance to mem- 
bers of the other suborders. The geological range is from the 
Silurian to the present time. 

The PoRCELLANEA are so named because their homogeneous, 
imperforate, calcareous shells resemble porcelain in reflected 
light. Protrusion of the sarcode usually occurs through a sim- 
ple opening, called the oral aperture, or mouth. Range is from 
the Triassic to the present time. 

The VirTRo-cALcAREA differ from the Porcellanea in having 
minute perforations in the glassy, transparent shell, through 
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which the protoplasm is extruded instead of through an oral 
aperture only. The material from which the shells are built up 
is of the same calcareous nature in both suborders. Occasion- 
ally there may be added an external, Agglutinantia-like layer 
of silicious particles by some of the Vitro-calcarea. Range is 
from the Silurian to the present time. 

In all the suborders the unit of growth is the unilocular test, 
represented by such forms as Orbulina. If, in the process of 
reproduction, the offspring separate from the parent shell, then 
there results the monothalamous or unilocular forms; should 
they adhere to the parent in a series, there is formed the poly- 
thalamous or multilocular tests. These may be of various 
shapes, depending upon the direction and sequence of the 
‘‘budding’’ process. If this occur in a linear series, forms 
such as Lagena result; if in one plane and in two or more 
alternate rows, genera such as Textularia. When the growth 
assumes a circular form and expands as a helix, there are pro- 
duced forms like Rotalia; where the circular form is elongated 
into a spiral by the addition of new chambers, there results 
Globigerina-like structures. A number of other plans of growth 
are to be found, but these are the most common, and the only 
ones found in the Kansas Cretaceous deposits. 

Following are the descriptions of the species here repre- 
sented, all of which belong to the suborder ViTRo-cALCAREA. 


Textularide. 


TEXTULARIA GLOBULOSA. (PI. Lxxxv, ff. 1-4.) 


Textularia globulosa Ehrenberg, 1838, Abhand. Akad. Berlin..: 
Textularia americana Bailey, 1841, Amer. Journ. Sci., vol. xr, p. 401. 
Textularia missouriensis Meek, 1864, Smiths. Inst. Check-List. — 


“‘Textularia globulosa; test microscopic, with smooth surface in 
the adult longer than wide; chambers globular.’’— Ehrenberg. 

This species is one of the most common forms of the Forami- 
nifera. The shell substance is usually of a calcareous nature, 
and, in the young forms, appears very clear and homogeneous, 
but, in the older specimens, becomes opaque and rough, owing 
to the agglutination of sandy particles on the surface. By 
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this means considerable variation in appearance may be pro- 
duced, although the general form and structure is not altered. 
The plan of growth is indicated in figures 1 and 3. Budding 
from the primordial chamber takes place in such a manner as 
to add alternately to the two rows, a fact that is suggested by 
the means of communication between the chambers of the two 
series. Sections through a single row may occasionally be 
found (f. 2), which simulate in appearance Nodosaria. The 
absence of communication between the chambers, however, dis- 
poses of this superficial resemblance. 

Textularia was found universally present in all the horizons 
where Foraminifera were represented, except in the Inoceramus 
beds. It was particularly numerous in specimens from the 
Hesperornis beds. Both the typical form (f. 3) and the pigmy 
form (f. 4) were found. 


Globigerinide. 


ORBULINA UNIVERSA. (PI. Lxxxv, f. 9.) 

Orbulina universa Q’ Orbigny, 1839, Foram. Cuba, p. 3. 
Miliola spherula Ehrenberg, 1854, Mikrogeologie. 
Globigerina universa Owen, 1867, Journ. Linn. Soc., vol. rx. 

Shell unilocular, spherical, hollow. Walls thin, perforated 
by numerous, minute foramina, and provided usually with an 
oral aperture, as in Globigerina bulloides, but this is sometimes 
lacking. Variable in size and in thickness of shell. 

The synonymy of the name applied to this species throws 
considerable light upon its relationships. The resemblance to 
Globigerina bulloides is so close as to lead many investigators to 
the conclusion that it is merely the unilocular form of this 
species —a belief that the present writer’s brief study supports. 
Add to this the almost invariable presence of the two together, 
and the case in favor of identity becomes a strong one. Dis- 
tribution about the same as that of G. bulloides. 
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GLOBIGERINA BULLOIDES. (Pl. Lxxxv, ff. 5-8.) 

Globigerina bulloides d’Orbigny, 1826, “Ann. Sci. Nat., vol. vit. 
Globigerina depressa Ehrenberg, 1854, Mikrogeologie, pl. xxv1, f. 92. 
Rotalia rudis Ehrenberg, 1854, ibid., pl. xxrv, ff. 35, 36. 

‘‘Test spiral, subtrochoid; superior face convex, inferior 
more or less convex, but with deeply sunken umbilicus; per- 
iphery rounded, lobulated; adult specimens composed of about 
seyen globose segments, of which four form the outer convolu- 
tion; the apertures of the individual chambers opening inde- 
pendently into the umbilical vestibule. Diameter sometimes 
0.36 mm. but oftener much less.’’— Brady. 

Among the most widely distributed and oldest species of the 
Foraminifera is G. bulloides, It is now present in such abun- 
dance in the deep-sea ooze as to compose ninety-seven per cent. 
of it. In the past it was equally as important an agent in the 
formation of the great chalk beds. Being so universally dis- 
tributed, it is subject to considerable variation in form and size. 
In general, however, it may be stated that the chambers num- 
ber from eight to sixteen, each being approximately spherical in 
shape. The spiral, formed in the process of growth, consists of 
groups of four, disposed in as many planes as there are groups. 
In this respect the species was found to differ from the descrip- 
tion of Brady given above. Coarse perforations pierce the shell 
for the extrusion of the sarcode, and some forms have spinous 
processes over which the body substance is extended. Each 
chamber has a mouth opening placed in close relation to those 
of the other chambers at the umbilicus, a point near the center 
of the lower group of four. The shell may be thin and trans- 
parent or thick and somewhat opaque, depending upon the size 
of the organism and its habitat. A pigmy form also exists that 
resembles the typical in everything except size. 


GLOBIGERINA SPINOSA, sp. nov. (PI. Lxxxy, f, 7.) 


Shell composed of about eight markedly globular segments, 
the union between which is so slight that they appear as almost 
independent chambers; the last formed much larger than the 
primordial one and the others of the first group of four. Wall 
thick, coarse, and closely beset with strong, stout spines over 
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the entire surface. Size variable, but on the whole much larger 
than that of G. bulloides, the diameter being two or three times 
greater. Lack of any description of such a form has led to the 
provisional application of the term spznosa to the species. It is 
very common, appearing abundantly in the Fort Hays of the 
Niobrara, and in the Lincoln marble of the Lower Benton. The 
specimens are well preserved and quite distinctly apparent in 
the sections, with all the details of structure exhibited. 


Coccoliths and Rhabdoliths. (Pl. txxxv, f. 10.) 


Mention has several times been made concerning the cocco- 
liths and rhabdoliths found in the different rocks. These curious 
and puzzling forms constitute a large part of the real chalk, and 
become plainly visible in properly prepared specimens. In the 
beginning it may be stated that nothing new was learned re- 
garding the true character of these organisms, if such they are. 
Reference to the figure (pl. txxxv, f. 10) will show, however, 
that the usual conception of simplicity of structure is hardly 
sufficient in the way of explanation. 

The Coccoliths were observed in some six or eight different 
varieties, but they offered no variation in connection with their 
derivation from different localities. The ‘‘cup and saucer”’ 
form, described as so characteristic of the recent specimens, was 
not observed at all. On the contrary, the elementary form 
seems to be a ring, circular or oval, spanned by two bars, either 
at right angles to each other or sometimes at a greater angle in 
the oval variety. Frequently only one bar is present, and at 
other times three cross the center of the disc. That these are 
true projections, is shown by the fact that remnants of them 
remain attached to fragments of the rim in broken specimens. 
Occasionally, in entire forms, the bridging rods are represented 
by imperfect septa of irregular contour that do not reach the 
entire distance across the space inclosed by the rim. Less fre- 
quent modifications are those in which the rim incloses a solid 
center, which may be merely granular or be perforated by 
numerous small, round openings. 

The peripheral rim, in the majority of cases, is merely a sim- 
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ple, homogeneous band, but in some specimens it is perforated 
by from fifteen to twenty oval apertures placed radially, or is 
crossed by numerous radial strive. The substance of the rim 
and the cross-bars appears to be continuous. 

Just as remarkable and less well defined than the Coccoliths 
are the Rhabdoliths. In form these vary considerably, the most 
common types being a small cross, with arms of variable length, 
and a flat, funnel-like form. In the specimens examined, the 
latter was the more common, and was plainly visible in all the 
details. The narrow part representing the neck of the funnel 
was always broken, and there is no way of knowing how long 
it may originally have been. On the whole, the appearance is 
very suggestive of spinous fragments from some comparatively 
large organism. 

With regard to the true character of the Coccoliths and Rhab- 
doliths, little definite knowledge exists. The former were 
named in 1858, by Huxley, and the latter by Dr. O. Schmidt, 
in 1872. Huxley considered that the Coccoliths were formed 
by the agency of a protoplasmic substance of indefinite size and 
uncertain composition, named by him Bathybius. This gelati- 
nous substance was supposed to be found at great depths in the 
ocean, and was observed to inclose numerous Coccoliths within 
its confines. Since, however, the Bathybius has been produced 
artificially by the deposition of sulphates from solutions on the 
addition of alcohol, this origin of the Coccoliths had to be dis- 
pensed with. Therefore, at the present time it may be said the 
question of origin stands about where it did at the time the 
forms were discovered. A similar statement may be made con- 
cerning the Rhabdoliths. , 

But four species of Foraminifera were discovered in all the 
rocks of the Upper Cretaceous. These were subject to no little 
variation, such as might have been made the basis for the 
establishment of other species or varieties, but in the opinion of 
the writer these are merely modifications due to the conditions 
of growth. This view receives the support of A. Goes, who, in 
his work, ‘‘ The Reticularian Rhizopods of the Caribbean Sea,”’ 
inveighs very strongly against the practice of naming species 
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on such insufficient grounds as slight differences in shell com- 
position. His opinion is expressed in the following words: 
‘¢Those who have been engaged in the laborious task of throw- 
ing light upon the nomenclature of this class, may in many 
instances have been struck at finding their list of synonyms 
swelled to hundreds by different names having been conferred 
on forms without even varietal distinction, founded upon quite 
accidental or individual diversity, or on no differentiating char- 
acters whatever.’’ 

The real chalk from the Pteranodon beds bears a close resem- 
blance to the English variety, but has fewer and better pre- 
served remains. Here the Textularia globulosa and Globigerina 
bulloides abound, but no trace of G. spinosa is apparent. The 
forms are beautifully preserved and show every detail of their 
structure. The matrix is, to a great extent, composed of Coc- 
coliths and Rhabdoliths. Crystals of calcite fill most of the 
tests. Aside from the color, therefore, the chalk from the 
Hesperornis and Rudistes beds of Kansas may be said to differ 
but little from the true English chalk. 

From the Inoceramus beds, hardly as clear an indication of 
the organic origin was obtained as from the others. Instead of 
the clearly marked shells of the Foraminifera are found regular 
spaces filled with a crystalline deposit. These, however, are 
of such a character as to lead to the belief that the rocks were 
originally made up, to a considerable extent, of Textularian 
and Globigerine remains, which, at a later time, became re- 
placed by obliterating crystalline deposits. Occasional well- 
preserved remains are found and their appearance lends support 
to the opinion just expressed. 

Specimens from the Fort Hays beds, as represented by rocks 
from Coolidge, are found to contain comparatively few organic 
remains, the matrix constituting the greater part of the bulk. 
Globigerina spinosa appears most prominently, while G. bulloides 
is absent. A few Textularix globulose may be found. 

Perhaps the most remarkable of any of the rocks are those 
that come from the Lincoln marble deposits. On examination 
these are found to consist almost exclusively of Foraminiferal 
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remains —all well preserved. The most prominent representa- 
tive is Globigerina spinosa, which exists in some places to such 
an extent as to almost entirely exclude the other forms. 
Globigerina bulloides is also found in considerable quantities, as 
is likewise Textularia globulosa. Orbulina universa is less promi- 
nently represented than the other species. In addition to these 
known forms there were in considerable numbers the re- 
mains of another, which, for the lack of suitable literature, 
could not be identified. Its resemblance to Gyroporella annulata 
was very close, but the size of the specimens was much less. 
On this account no name has been assigned to the form. 

In conclusion, brief mention may be’ made of the fact that 
there are remains present in the rocks aside from the Forami- 
nifera, such as would be expected. Among these the most promi- 
nent are sponge spicules. For the sake of completeness, notice 
may be given of certain round, yellowish bodies that were oc- 
casionally seen in the empty tests of the Foraminifera. No 
conception of their character could be formed. The yellow color 
of the chalk may be in part or perhaps altogether due to this 
substance. 


EXPLANATION OF PLATE LXXXV. 
(Drawings by the author.) 


Fia. 1. A section of Textularia globulosa, showing the arrangement of the 
chambers and the means of communication between them. < 150. 


Fic. 2. A section through one row of chambers in Textularia globulosa, indi- 
cating a superficial resemblance to Nodosaria. X 150. 


Fic. 3. Surface view of Textularia globulosa, showing globular form of the 
chambers. < 150. 


Fic. 4. Pigmy form of Textularia globulosa. >< 530. 


Fia. 5. Appearance of Globigerina bulloides in section, showing arrangement 
of chambers, surface markings, thickness of wall, and crystalline contents. 
<< 150: 


Fic. 6. Surface view of Globigerina bulloides, exhibiting the arrangement of 
chambers and their shape, 150. 


Fic. 7. Lateral view of Globigerina spinosa, indicating the number and ar- 
rangement of the chambers, and the surface markings of the shell. >< 100. 


Fie. 8. Pigmy form of Globerigerina bulloides. >< 330. 
Fia. 9. Test of Orbulina universa. >< 330. 


Fia. 10. Typical forms of Coccoliths, Rhabdoliths, ete. a, a, Coccoliths of va- 
rious forms; b, b, Rhabdoliths; ce, c, Sponge spicules. > 1000. 
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INTRODUCTION. 

ALTHOUGH the Upper Cretaceous beds of Kansas have been the 
object of much attention from paleontologists and collectors, yet 
until recently but little consideration has been given to their 
invertebrate faunas. The discoveries of sucha large list of ver- 
tebrate forms as the Kansas Upper Cretaceous has produced 
haye had a tendency to overshadow the importance of its in- 
vertebrate forms. 

The following review and classification of the invertebrate 
faunas of three of the Upper Cretaceous divisions of Kansas 
contain the descriptions and figures of nearly seventy-five 
forms, embracing seventeen believed to be new to science. It 
is the direct result of the study of the invertebrate fossils al- 
ready belonging to the Kansas State University collection, those 
collected by the writer while working on the stratigraphy of 
the Upper Cretaceous of Kansas under the direction of the Uni- 
versity Geological Survey, and those collected by Doctor Wil- 
liston and the writer during the summer of 1897. In this 
classification I have attempted to combine, together with the 
purely scientific, information that may be utilized by the gen- 
eral reader. This attempt has led to a general rather than a 
strictly scientific discussion of the subkingdoms of Inverte- 
brata. In order, however, that its value to the scientist may 
not be impaired, the customary order of scientific description 
has been retained for both the already-described and the new 
species. In all species already described the original descrip- 
tions and figures, as far as practicable, have been retained. 

In the preparation of this report the writer desires to ac- 
knowledge his indebtedness to Dr. 8. W. Williston for valuable 
assistance in the laboratory and field; also to the following, for 
courtesies extended: Mr. T. W. Stanton, of the United States 
Geological Survey, Washington, D. C.; Mr. W. Madden, Hays 
City, Kans.; Mr. M. R. Watson, McCracken, Kans.; Prof. H. 
J. Harnley, McPherson, Kans.; and Mr. Stanley Moore, Pleas- 
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General Description of Subkingdoms. 


THe animal kingdom is divided into eight subkingdoms. 
Named in order of their development these subkingdoms are: 
(1) Protozoa. (2) C@LENTERATA. (3) ECHINODERMATA. (4) 
VERMES. (5) MotiuscorpEaA. (6) Moxuusca. (7) ARTHROPODA. 
(8) VERTEBRATA. The first seven divisions comprise the inver- 
tebrate animals, and the eighth or last the vertebrate animals. 
All of these subkingdoms are represented by fossil forms in the 
Upper Cretaceous of Kansas except the fifth. In abundance of 
individuals Protozoa is the best represented, as the large chalk 
beds of the Niobrara division are largely composed of these 
forms. Diversity of species is undoubtedly best represented by 
the Mollusca. Im order that the general reader may have a 
better understanding of the following systematic classification, 
I have added-a short description to the principal subkingdoms. 
For description of the Protozoa, see Part VII. 


Coelenterata. 


Coelenterates are aquatic animals which vary much in form, 
structure, and size. They are either free and independent, or 
composite and attached. The body is composed of three modi- 
fied layers of cells. The lowest ccelenterates belong to a class 
called Porifera. To this class belong the sponges, hydras, sea- 
anemones and other forms. The sponges have a skeleton and 
are attached to some submarine object. The horny or flinty 
skeleton of sponges possesses an internal and external cellular 
layer. The internal cells have cilia, the whip-like action of 
which drives the water through the skeletal canals, allowing 
the cells to grasp their food and oxygen from the flowing water. 
The external cells can easily procure their food and oxygen 
from the water which is in continuous circulation about the 
sponge. The fresh-water hydra attaches itself mouth down- 
wards to objects in the water. A number of tentacles extend 
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from its mouth. ‘These tentacles possess cells in which jagged, 
thread-like processes lie coiled up in a narcotic fluid. Objects 
coming in contact with the tentacle cause the cells to burst and 
throw the thread like a lasso around the object, which, if it be 
animate, is poisoned by the fluid. Other marine hydra pro- 
duce polyps on flinty tubes, from which they project like flowers 
from the parent, and form a bell-like body with many long, 
radiating tentacles. In this form the hydra is called a jelly- 
fish. These jelly-fish produce eggs which in turn produce 
polyps. The contractile tissues, which are muscle-like in struc- 
ture, propel the animal through the water. 


Echinodermata. 


Echinoderms have a well-developed skeleton which is com- 
posed of calcareous plates, or of calcareous bodies imbedded in 
the integument. The subkingdom is represented by rayed 
animals such as the star-fish, in which the rays spring from a 
common center; by the sea-lilies, in which they. start from a 
fixed stalk; by the sea-cucumber, which is covered by spicules 
of calcareous matter; by the sea-urchin, in which the rays are 
coiled, forming a globular body. The Echinoderms have a 
digestive tract separate from the body cavity. The sea-water is 
driven into this cavity, or gastro-vascular space, through canals 
by cilia. Some of the members of this subkingdom have rudi- 
mentary eyes. The star fish has an eye composed of many 
crystalline lenses at the end of eachray. The test of an Echin- 
oderm is composed of calcareous plates which are arranged 
in concentric rows. The principal classes of Echinodermata 
are: Cystidea, Blastoidea, Crinoidea, Asteroidea, Echinoidea, 
and Holothuroidea. 

Vermes. 

The representatives of this subkingdom possess a segmented 
structure. The segmented body of these animals contain a 
nervous system which consists of a double chain of ganglia 
passing along the ventral side of the body. Some species are 
provided with locomotive appendages, while some of the mem- 
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bers are provided with a calcareous tube or shell into which the 
soft parts are drawn. Sometimes these tubes are free, but more 
often they are attached to some submarine object. The tubes 
are usually calcareous but sometimes they are composed of 
sand-grains or pieces of shell cemented together. 


Mollusea. 


This subkingdom is represented by a great diversity of ani- 
mal organisms, making a specific definition next to impos- 
sible. The members of the mollusca differ physiologically, 
in that some have none or poorly developed heads and hearts, 
while others have heads and chambered hearts. Some are 
naked; some haye a gristly covering, while others have either 
a double or single valve or shell composed of calcareous mat- 
ter. The individuals range in weight from a few grains to 
400 or 500 pounds. A marked difference is found in their man- 
ner of growth. Some, like the Radiolites, grow in colonies ; 
others, like the majority of the Ostree, grow independently. 
They possess a soft, non-segmented body, and have the power of 
secreting matter from the surrounding water for the construc- 
tion of their own shells. They also possess a thick membrane, 
called the mantle, which secretes the calcareous matter for the 
shell, and also determines the shape of the shell. Some of the 
members of this subkingdom are endo-skeletal, 7. e., the horny 
or calcareous part being on the inside; others are exo-skeletal, 
with the horny or calcareous part on the outside. Many mem- 
bers of this subkingdom are provided with numerous mouths 
or suckers for capturing their food. It is said ‘‘the Clio borealis 
has no less than 360,000 suckers’ attached to the wing-like 
organs which spring from its head.’’ The pearly nautilus, 
the cuttle fish, the octopus, the sea squirts, the oyster and the 
clam are all representatives of this subkingdom. The Creta- 
ceous seas of Kansas swarmed with mollusks of all kinds, from 
the small Ostrea congesta to the large Radiolites maximus. 
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Arthropoda. 


This division comprises those animals which possess a seg- 
mented body and jointed appendages which are variable in num- 
ber. The body and the appendages are usually protected by 
an external covering or skeleton. This subkingdom comprises 
four great classes: (1) Crustacea. (2) Arachnida. (3) 
Myriapoda. (4) Insecta. Among the representatives of these 
classes are the crabs, crayfish, lobsters, spiders, centipedes, and 
insects. ‘The Crustaceans are the only representatives of this 
subkingdom found in the Kansas Cretaceous beds. ‘This class 
is represented by two genera and at least twice as many species. 
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FORT BENTON CRETACEOUS FAUNA. 


The most abundant forms among the invertebrate faunas 
of the Fort Benton Cretaceous are Inoceramus labiatus and 
Ostrea congesta. In the lower horizon, including the Lincoln 
marble and its adjacent shale beds, Ostrea and Inoceramus pre- 
dominate. The invertebrate forms in the Lincoln marble are 
associated with sharks’ teeth, the remains of fishes, turtles, 
and plesiosaurs. IJnoceramus labiatus is the most abundant form 
in the Fort Benton limestone. One layer is composed almost 
wholly of this shell, and resembles a mortar bed into which 
these forms have been placed. Belemnitelle are also very 
abundant in this horizon, but good specimens are difficult to 
obtain. Prinonotropis and Prionocyclus are both well repre- 
sented, but Ostrex are rare in the limestone group. In the 
shale beds (Ostrea beds) overlying the limestone, Ostrea congesta 
is the most abundant form; it occurs either free or attached to 
Inocerami. Sharks’ teeth and pavement plates are also abun- 
dant in the Ostrea beds. 

In the lower horizon of the Blue Hills shales Serpulxe are 
found attached to large Inocerami. ‘The middle zone of these 
shales seems to be devoid of fossil forms, but the upper horizon 
in which the septaria nodules are imbedded has furnished many 
invertebrate forms. Of these the Scaphites and Inocerami are 
the most abundant. Nearly all the shells of this horizon have 
the pearly layer preserved; this does not occur in any other 
Cretaceous horizon except in the Fort Pierre. Four of the sub- 
kingdoms are represented in the Fort Benton, viz. : Coelenterata, 
Echinodermata, Vermes, and Mollusca. The first three are 
each represented by asingle form. Mollusca, however, are rep- 
resented by eighteen genera and forty species. I think it may 
be truly said that more than one-half of these forty species oc- 
cur in the Septaria zone. 
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Outline Classification of Fort Benton Species. 


CQ@LENTERATA. 
Cnydaria. 
Anthozoa. 
Hexacoralla. 
Madreporaria. 
Aporosa. 
Stylophonide. 


ECHINODERMATA. 
Pelmatozoa. 
Crinoidea. 
Articulate. 
Encrinide. 


VERMES. 
Annelida. 
Tubicola, 
Serpulide. 
Serpula. 
Serpula plana. 


MOLLUSCA. 
Pelecypoda. 
Ostreide. 
Ostrea. 
Ostrea congesta. 
Ostrea lugubris. 
Ostrea anceps. 
Exogyra. 
Exogyra ponderosa. 
Exogyra leviuscula. 
Aviculide. 
Avicula. 
Avicula gastrodes. 
TInoceramus. 
Inoceramus fragilis. 
Inoceramus labiatus. 
Inoceramus dimidius. 
Inoceramus simpsonii. 
Inoceramus gilbertii. 
Inoceramus umbonatus. 
Inoceramus exogyroides. 
Inoceramus tenuirostratus. 
Inoceramus undabundus. 
Inoceramus subconvexus, 
Mytilide. 
Modiola. 
Modiola multilinigera. 
Veneride. 
Callista. 
Callista tenuis. 


Pelecypoda—concluded: 
Solenide. 
Pharella. 
Pharella pealei. 
Mactride. 
Mactra. 
Mactra emmonsi. 
Pholadide, 
Parapholas. 
Parapholas sp. 
Turritellide. 
Turritella. 
Turritella whitei. 
Fuside. 
Pyropsis. 
Pyropsis coloradensis. 
Volutide. 
Rostellites. 
Rostelites ambigua ? 
Rostellites willistonii. 


Cephalopoda. 
Ammonoidea. 
Lytoceratide. 
Helicoceras. 
Helicoceras corrugatum, 
Amaltheide. | 
Placenticeras. 
Placenticeras placenta. 
Prionocyclus. 
Prionocyclus wyomingensis. 
Prionocyclus macombi. 
Prionotropis. 
Prionotropis woolgari. 
Prionotropis hyattii. 
Prionotropis losyianus. 
Mortoniceras. 
Mortoniceras shoshonense. 
Mortoniceras vermilionense. 
Stephanoceratide, 
Scaphites. 
Scaphites larveeformis. 
Scaphites vermiformis. 
Secaphites warrenii. 
Scaphites ventricosus. 
Scaphites mullananus. 
Decapoda. 
Belemnitide. 
Belemnitella. 
Belemnitella baculus. 
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Description of the Fort Benton Species. 


CQiLENTERATA. 


A fragment of coral, taken from the Lincoln marble a few 
miles north of Lincoln Center, in Lincoln county, by Mr. Sahl- 
man, of the latter place, probably belongs to the Stylophonidee 
family of the Hexacoralla subclass. The specimen in my pos- 
session is not sufficiently well preserved to present generic, much 
less specific, determinative characteristics. In general appear- 
ance the coral resembles the Devonian species Acervularia 
davidsoniz, but does not present the same regularity of coralla 
structure. As ‘no species belonging to this subkingdom have 
as yet been described from the Fort Benton formation, the find- 
ing of such a specimen is important. Further search in this 
horizon will probably result in the discovery of more perfect 
specimens. ; 
ECHINODERMATA. 

A single fragment of a crinoid stem was discovered among 
Fort Benton rocks on the Cross ranch, in Mitchell county, by 
Mr. O. S. Sommers, of Buel, Kan. The crinoid probably be- 
longs to the family Encrinide, but generic characteristics are 
not clear. As a careful search of the locality in which this 
specimen was discovered failed to disclose further specimens, its 
occurrence in this horizon may be purely accidental. The sub- 
stance of the crinoid resembles that of the Lincoln marble, but 
if crinoids are to be found in this horizon, they are not abun- 


dant. 
VERMES. 


Serpula plana, n. sp. Plate cxrx, fig. 2. 


Cylindrical tubes growing in groups on the outer surface of 
the large Inocerami of the Ostrea shales; irregularly curved, 
gradually increasing in size, neither regularly coiled nor 
curved, but grouped irregularly, sometimes lying almost 
straight. Length of young individual, twenty-four mm.; 
length of longest fragment of adult, forty mm.; diameter, in 
excess of two mm. Specimens attached by entire length, up- 
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per side showing irregular lines (probably lines of segmenta- 
tion), as of overlapping concentric plates; surface in some 
specimens rugose, in others smooth. 

This species differs from Serpula tenuicarinata in not having a 
carina, having nearly twice the transverse diameter, being more 
cylindrical, and ( possibly ) having more than twice the length. 

Specimens of Serpula plana are very abundant in the upper 
horizon of the Ostrea shales of the Fort Benton group. Speci- 
mens have been collected by the writer from the above-named 
beds, on the Smoky Hill river, in Ellis and Trego counties ; 
north of Hays City, on the Saline river; and at the southern 
point of the Blue Hills, in Mitchell county. 


MOLLUSCA. 
Ostrea congesta Conrad. Plate xcrx, figs. 10, 11, 13. 


Ostrea congesta Conrad, 1843, Nicollet’s Rep. of Explor. in the Northwest, 
p. 167; Hall, 1856, Pac. R.. R. Reps., vol. 111, p. 100, pl. 1, f. 11; Meek, 1876, 
U.S. Geol. Surv., vol. rx, p. 13, pl. rx, ff. la-f; White, 1880, 4th Ann. Rep. 
U.S. Geol. Surv., vol. 1x, p. 294, pl. xxx1x, ff. 11, 12, 18; Stanton, 1892, 
Bull. U. 8S. Geol. Surv., p. 55, pl. s, ff. 5 and 6. 

Meek’s description: ‘‘ Shell elongated; upper valve flat; 
lower valve ventricose, irregular; umbo truncated by a mark 
of adhesion.— Conrad. 

‘«This is a small, thin shell, the individuals of which are 
often crowded together in considerable numbers, so as to as- 
sume quite irregular forms. In cases where the individuals 
had room to grow without interruption, the young shell is 
usually found to be of an ovate form, and attached by the 
whole under surface of the lower valve, the beak of which is 
pointed, provided with a small triangular area, and usually 
turned a little to the left. In this form they continue to grow to 
lengths varying from twenty-five hundredths to one inch, when 
the margins are abruptly deflected upward at right angles to 
the flat attached base, and produced in this direction often for 
as much as an inch or more; the greatest extension being on 
the lateral margins and at the extremity, opposite the beaks. 
When seen at this stage of their growth, separated from the 
body to which they were originally attached, and lying partly 
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imbedded in the matrix, with the beak side down, they look 
like short, cylindrical tubes, with one end abruptly truncated 
and closed by the flat surface of attachment; so that what was 
originally the whole under surface of the valve, now appears 
like the truncated umbo. The other valve is quite flat, or some- 
times a little concave, and always retains the form possessed 
by the attached valve at the time its margin became deflected 
upward, after which it seems to have increased very little in 
size. Its umbo is usually a little less pointed than that of the 
other valve, and provided with a shorter area, on each side of 
which its margins are sometimes slightly crenulated. The 
muscular impressions of each valve are obscure, and the face 
is nearly smooth, or only marked by fine, indistinct lines of 
growth.’’ 

These shells occur abundantly in the Ostrea beds of the Fort 
Benton area. So abundant are they that the shale thrown from 
the wells which pierce the Ostrea beds, after a short weathering, 
is almost white with them. They may be collected from the 
Ostrea beds exposures along the Smoky Hill, the Saline and 
the Solomon rivers, and from numerous smaller streams in the 
Upper Cretaceous area. 


Ostrea lugubris Conrad. Plate xct. 


Ostrea lugubris Conrad, 1857, U.S. and Mex. Bound. Rep., vol. 1, p. 156, 
pl. x, ff. 5a, b; Meek, 1876, Macomb’s Expl. Exped. from Santa Fe to 
Junction of Grand and Green Rivers, p. 123, pl. 1, ff. la-d; White, 1884, 
4th Ann. Rep. U. S. Geol. Surv., p. 297, pl. 11, f.3; Stanton, 1892, Bull. 
U.S. Geol. Surv., p. 58, pl. tv, ff. 1-10. 

Ostrea belliplicata Shumard, 1816, Trans. St. Louis Acad. Sci., vol. 1, p. 608 ; 
White, 1879, Ann. Rep. U.S. Geol. Surv. Terr. for 1877, p. 276, pl. iv, ff. 
Jas and pl. vii, ff. 2a, b; White, 1884, 4th Ann. Rep. U. S. Geol. Surv. 
Terr., p. 292, pl. Lxxvitt, ff. ie Dios 

Ostrea (Alectryonia) blackii White, 1880, Proc. U.S. Nat. Mus., vol. 1, p. 
293, pl. tv, ff. 1, 2; Ann. Rep.” U. S. Geol. Surv. Terr. for 1878, p. 11, pl. 
xiv, ff. la, b, and pl. xvit, f. 4; 4th Ann. Rep. U.S. Geol. Surv., p. 292, pl. 
GENIE Jelly ChaCal jolly s-annyig, sip, 


Stanton’s description: ‘‘ Shell varying in size from small to 
medium ; outline usually broad subovate, but in small speci- 
mens often nearly circular and in large ones occasionally sub- 
triangular; lower valve moderately convex, the greatest 
conyexity being along the median line, which is often sub- 
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angular in large shells; beak usually small and inconspicuous, 
but sometimes more prominent and curved laterally, often 
obscured by the scar of attachment, and by strong concentric 
lines, and sometimes imbrications of growth. The plications 
are usually simple, but occasionally they bifurcate. Upper 
valve nearly flat or sometimes slightly concave, with an outline 
similar to that of the other valve, except that it is somewhat 
more narrow along the hinge line. Its surface is smooth for 
some distance around the beak and the plications toward the 
margin are not so strongly developed as on the lower valve, 
which it resembles in other respects. The muscular scars are 
reniform and subcentral; ligamental area varying greatly in 
size and form, but never very large. Conrad’s type (lower 
valve ) measures seventeen mm. from beak to base, fifteen mm. 
in breadth, and five mm. in convexity, while the corresponding 
measurements of Ostrea blackii, which is the largest variety of 
the species, are sixty-eight, sixty-two and thirty-two mm., 
respectively.’’ 

The above species is found in Lincoln marble, but is not 
abundant. Good specimens are difficult to obtain on account 
of the extreme hardness of the matrix in which they are im- 
bedded. They are usually found associated with sharks’ teeth. 
Only the smallest variety of this species has been found in the 
Kansas rocks, and as it has been found in one horizon only, I 
am inclined to think that that horizon is correlative with the 
‘brown calcareous sandstone’’ horizon of Colorado in which 
the form O. lugubris is so abundant. See Stanton, l.c. 


Ostrea anceps, n.sp. Plate cxvi. 


Description: Shell elongate, moderately subovate, dorsal 
margin straight; ventral margin curved; beak truncated by 
mark of attachment; surface of truncated portion marked by 
parallel lines of indentation. Upper valve having an elongate, 
subovate, internal cavity; lower valve very capacious, hol- 
lowed under truncated beak. Internal surface of shell smooth ; 
exterior surface not entirely discernible in type specimen, but 
appearing rugose at margins; hinge moderately long; lig- 
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mental groove deep and containing numerous cartilage pits ; 
test thick, thicker on hinge side. Length of longitudinal axis, 
seventy mm.; maximum breadth, forty mm.; thickness of test, 
four to ten mm. 

Both valves of this form imbedded in a firm matrix of Lincoln 
marble were found about fifteen miles southwest of Beloit, on 
the Buelranch. In the same stone are the impressions of shells 
which resemble Modiole in form and markings. There are also 
fragments of other shells which resemble Ostrea subspatulata, but 
which I judge to be Ostrea congesta. I have found these shells 
in the Lincoln marble horizon only, and they are not abundant 
there: 

Exogyra ponderosa Roemer. 


Exogyra ponderosa Roemer, 1852, Kreid. von Texas, p. 71, pl. 1x, ff. 2a, 
b; White, 1876, U. S. Geog. and Geol. Surv. West 100th Mer., vol. tv, p. 172, 
pl. xtv, ff. la-c; 1884, 4th Ann. Rep. U.S. Geol. Surv., p. 306, pl. 1, ff. 1, 
2, 3; Stanton, 1893, Bull. U.S. Geol. Surv., p. 65, pl. viz, ff. 1, 2. 


Exogyra costata var. Conr., 1857, U. S. and Mex. Bound. Surv., vol. 1, p. 154, 
pyle Vago re Bh alle Ub. ats dk, 


Exogyra fimbricata Conr., 1857, id., pl. v1, ff. 2a, b. 

‘‘Shell large, capacious; marginal outline irregularly sub- 
ovate ; larger valve very gibbous; umbo distinctly spiral, but 
the coil is usually obscured by a large scar of attachment; um- 
bonal half obtusely carinate, the sides sloping abruptly from 
the carina to the margins; basal half not so deeply, but more 
regularly convex than the other. Test very massive, some- 
times having a solid thickness of five or six centimeters, la- 
mellose, so much so that the valve often splits into numerous 
pieces along the surfaces of layers of growth; inner surface 
smooth; muscular scar of moderate size, somewhat deep, placed 
about mid-length the valve, and, as usual, a little nearer to the 
posterior than the anterior side; surface marked by strong, ir- 
regular, imbricating lamella of growth, which become laciniate 
at and near the margins; surface also marked by fine concen- 
tric strie, and by irregular, indistinct, radiating coste, the lat- 
ter being usually removed by exfoliation from old shells. Upper 
valve thick, concentrically laminated; smooth within; umbo 
horizontal ; distinctly spiral; length of an example rather under 

22—1v 
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the average size, from umbo to basal margin, about one cm. ; 
breadth, eight cm.; convexity of larger valve, nearly six cm.’’ 

A form found imbedded in a firm matrix of Lincoln marble I 
think belongs to this species; if so, it is a young individual. 
Specimen was found associated with Exogyra leviuscula in the 
Lincoln marble outcrops, on Rattlesnake creek, Lincoln county. 


Exogyra leviuscula Roemer. 


Exogyra leviuscula Roemer, 1852, Kreid. von Texas, p. 70, pl. 1x, ff. 3a—-c; 
Conrad, 1857, U.S. and Mex. Bound. Surv., p. 154, pl. Vil, ff. 4a, b; White, 
1876, U. S. Geog. and Geol. Surv. West 100th Mer., p. 173, pl. xv11, ff. 2a— Cie 
1884, 4th Ann. Rep. U. S. Geol. Surv., p. 305, pl. Dil ptters) 4570) Stanton, 
1892, Bull. U. S. Geol. Surv. No. 196, p. 64, pl. viii, ff.5 and 6. * 


Ostrea ferdinandi Coquard, 1869, Mon. Gen. Ostrea, Terr. Cret., p. 33. 
Exogyra ponderosa Hill, 1889, Check List Cret. Invert. Fossils of Texas, p. 6. 
Description: Shell moderately capacious and semiovate in 
form ; test moderately thick ; general shape of shell varying in 
outline from subovate to suborbicular; inferior valve inflated 
and very much curved and rounded in outline. Superior valve 
smaller and nearly flat, suborbicular in outline; surface smooth 
but marked by very faint lines of growth. Umbo small, coiled 
pirally, forming two volutions which are narrow and closely 
involuted ; hinge line short; scar of attachment small or want- 
ing; umbo in some specimens somewhat free. Diameter from 
umbo to basal margin, forty-seven mm.; transverse diameter, 
forty-two mm. ; depth of the larger valve, eighteen mm. 
Species occurs in the Lincoln marble, but is not abundant. 
The only specimens found were collected from the outcrops on 
Rattlesnake creek, in the northern part of Lincoln county. 


Avicula gastrodes Meek. Plate txxxvt, figs. 8, 9. 
Avicula (Oxytoma?) gastrodes Meek, 1873, Ann. Rep. U.S. Geol. Surv. fo 
1872, p. 491. 


Pteria (Oxytoma.) gastrodes White, 1879, Ann. Rep. U. S. Geol. Sury. Terr. 
for 1877, p. 280, pl. x, f. la. 


Pteria (Oxytoma) erecta White, 1880, Proc. U.S. Nat. Mus., vol. 111, p. 157, 
and vol. tv, ff. 7 and 8 of plate opposite p. 139. 


Avicula gastrodes Stanton, 1893, Bull. U.S. Geol. Surv., p. 72, pl. 1x, ff. 7-10. 
Description: ‘‘Shell (as determined from a left valve) at- 
taining a moderately large size, subtrigonal in general outline, 
rather distinctly convex, and having a very slight backward 
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obliquity ; basal outline very profoundly rounded, the deepest 
or most prominent part being in advance of the middle; poste- 
rior margin moderately sinuous below the wing, from the ex- 
tremity of which it ranges obliquely forward and downward, 
rounded regularly into the base below; anterior margin strongly 
and subangularly sinuous under the wing, thence descending 
with a slight forward obliquity and rounding rather abruptly 
into the base; hinge margin longer than the height of the valve, 
the antero-posterior diameter of which (at any point below) it 
also decidedly exceeds, ranging nearly at straight angles to the 
vertical axis of the shell; beaks distinctly convex, rising above 
the hinge margin, strongly incurved, without obliquity, and 
situated less than one-third the length of the hinge margin from 
the extremity of the anterior wing, which is subtrigonal in form, 
somewhat convex, a little rounded at the extremity, and very 
strongly separated from the abrupt swell of the umbo by a deep 
rounded concavity extending from the beak obliquely to the 
marginal sinus below; posterior wing longer and more com- 
pressed, narrower, and more angular than the other; both 
wings, particularly the posterior one, projecting decidedly be- 
yond the margin of the valve below. Surface only showing 
more or less distinct lines of growth. Height of left valve, one 
and fiye-tenths inches; length of same below the wings, about 
one and three-tenths inches; length of hinge line, one and nine- 
tenths inches; convexity of left valve alone, four-tenths inch’’ 
(Meek). The types of Pteria (Oxytoma) erecta are small indi- 
viduals that apparently belong to the same species. 

Two specimens, collected from a thin layer of sandstone 
underlying the Lincoln marble horizon on Salt creek, in Mitchell 
county, so closely resemble this species that I have referred 
them to it, although the specific character of the wings can- 
not be determined from the specimens which are not very 
well preserved, especially in the umbonal region. A closer ex- 
amination of this stratum will probably reveal more perfect speci- 
mens. Should the specimens collected belong to this species 
they are undoubtedly young individuals, as they are not more 
than one-half the size of the above-described species. 
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Inoceramus fragilis M. & H. Plate txxxvit. 


Inoceramus fragilis H. & M., 1856, Mem. Am. Acad. Artsand Sci., n. s., vol. 
v, p- 388, pl. 11, ff. 6a and b; White, 1876, U. S. Geog. and Geol. Surv. West 
100th Mer., vol. iv, p. 178, pl. xv, f. 3; Meek, 1876, U. S. Geol. Surv. Terr., 
vol. rx, p. 42, ff. land 2 in text and pl. v, f.5; Meek, 1876, Macomb’s Ex- 
pedition from Santa Fe to Junction of the Grand and Green Rivers, Geol. 
Rep., p. 127, pl. 1, f. 6; Whitfield, 1880, Geol. Black Hills of Dak., p. 390, 
pl. rx, f. 10; Stanton, 1892, Bull. U.S. Geol. Surv. No. 106, p. 76, pl. x1, ff. 1-5. 


Inoceramus howelli White, 1876, Geol. Uinta Mts., p. 114; 1879, 11th Ann. 
Rep. U.S. Geol. Surv. Terr., p. 284, pl. iv., ff. la, b, ec. 


Inoceramus perplexus Whitfield, 1880, Geol. Black Hills of Dakota, p. 392, 
pl. vit, f. 3, and pl. x, ff. 4 and 5. 


Revised description: ‘‘ Shell moderately thin, broadly sub- 
ovate, higher than long, moderately convex; subequivalve ; 
anterior side vertically truncate from the beaks, with slightly 
concave outline; basal and posterior borders forming a more or 
less regular, nearly semicircular curve; hinge line rather short, 
and standing at right angles to the truncate anterior. Beaks 
pointed, equal, scarcely rising above the hinge, curving inward 
and slightly forward at the points. Surface marked by fine 
lines of growth and a few obscure traces of concentric undula- 
tions. Height of an average specimen, thirty-five mm. ; length, 
twenty-six mm.”’ 

This species occurs in the Fort Benton limestone and also in 
the Septaria horizon. 


Inoceramus labiatus Schlotheim. Plate xctt, fig. 4. 


Ostracites labiatus Schloth., 1813, Bronns Jahrb., vol. vit, p. 93. 

Mytulites problematicus Schloth., 1820, Petrefactenk. 1, p. 302. 

Inoceramus mytiloides Mantell, 1822, Geol. of Sussex, p. 215, pl. xxvuz, f. 2; 
Roem., 1852, Kreid. von Texas, p. 66, pl. vu, f. 5. 

2 pT or Utes confertim-annulatus Schiel, 1855, Pac. R. R. Reps., vol. 1, 
(OG, Tes 385 Ue 

? Inoceramus pseudo-mytiloides Schiel, 1855, ibid., pl. 111, f. 5. 


Inoceramus mytilopsis Conrad, 1857, U. S. Bound. Surv., vol. 1, p. 152, pl. 1, 
ff. 6a and 6b. 


Inoceramus problematicus (Schloth.) Meek, 1876, U.S. Geol. Surv. Terr., 
vol. 1x, p. 62, pl. rx, ff. 3a and b. 


Inoceramus aviculoides M. & H., 1860, Proc. Acad. Nat. Sci. Phil., p. 181. 


Inoceramus problematicus var. aviculoides Meek, 1876, U. S. Geol. Surv. 
Merry VOlerxnp asap leelxertl 


Inoceramus labiatus Stanton, 1892, Bull. U. S. Geol. Surv., p.77, pl. x, f. 4; 
TDly Saiys tty eA 


Meek’s description: ‘‘Shell obliquely elongate-oval, sub- 
elliptical or ovate, nearly or quite equivalve, rather com- 
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pressed, thin and fragile; anterior side forming a slightly 
convex curve from the beaks obliquely downward and back- 
ward; postero-basal extremity rather narrowly rounded; pos- 
tero-dorsal margin very oblique, compressed, nearly straight, 
or sometimes a little convex in outline below the middle, and 
slightly concave above; cardinal border short, straight, com- 
pressed, and forming an angle of about forty-five degrees with 
the longest diameter of the shell; beaks terminal, rather small, 
nearly equal, obtusely pointed, rising little above the hinge, 
and not much curved. Surface ornamented by more or less 
regular, concentric undulations, and smaller marks of growth. 
Greatest length, four inches; breadth at right angles to the 
longest diameter, about two inches; convexity of the two 
valves, about eight-tenths inch.’’ 

To the above description Stanton added: ‘‘ The name Jnocera- 
mus aviculoides was applied by Meek and Hayden toa variety with 
a longer hinge line, greater convexity, and more prominent beak 
of the left valve, and with the dorsal region more alate than is 
usual in the species. After studying larger collections Professor 
Meek found that there were many gradations between this and 
the typical form, and he therefore treated it as only a variety. 
Like all species of the genus, it is subject to considerable varia- 
tion in form, yet it is always easily recognized by its obliquely 
elongate outline and by the character of the surface markings. 

‘‘It is unfortunate that the law of priority compels us to drop 
the name that has for many years been applied to this species 
by all American writers who have referred to it, and it is the 
more unfortunate because the species is so well known under that 
name as the most abundant characteristic fossil of the Colorado 
formation. There is no doubt, however, that the American 
fossil belongs to the species to which European paleontologists 
now apply the earliest name Jnoceramus labiatus.’’ 

This fossil is extremely abundant in the Fort Benton lime- 
stone of Kansas. In one horizon™ of the limestone group the 
rock is composed almost entirely of Inocerami. This horizon is 


63. The Inoceramus horizon ; see Upper Cretaceous of Kansas, Logan, Kans. Univ. Geol. Surv., 
vol, 11, pp. 216, 217. 
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persistent throughout the Fort Benton area of Kansas. The 
fossil exists in all of the Fort Benton limestone layers and in 
the intercalating shale beds. Its abundance is one of the most 
convenient means of distinguishing the Fort Benton limestone 
from the Fort Hays of the Niobrara, since it is not abundant, 
- if it occurs at all, in the Niobrara rocks of Kansas. From other 
states it is reported as being an abundant and characteristic 
fossil of the Niobrara. Aside from the Ostrea congesta, it is the 
most abundant species of the Colorado formation in Kansas. 


Inoceramus dimidius White. Plate xcvitt, figs. 5, 6. 


Inoceramus dimidius White, 1874, Expl. and Surv. West 100th Mer., Prelim. 
Rep. Inv. Foss., p. 25; 1876, U. S. Geol. and Geog. Surv. West of the 100th 
Mer., vol. 1v, p. 181, pl. xvi, ff. 2a, b, c and d; Stanton, 1892, Bull. U.S. 
Geol. Surv., p. 78, pl. x, ff. 5 and 6. 


Description: ‘‘ Shell very small for one of this genus, inflated, 
sometimes much so, obliquely subovate in outline; valves sub- 
equal, the left one being a very little more capacious than the 
other; test thin; beaks small, prominent, acute, incurving, and 
pointing a very little forward; hinge line straight or nearly so, 
rather short. 

‘‘Surface marked by more or less strong and more or less regu- 
lar concentric folds or undulations. In some cases these un- 
dulations continued to be formed only until the shell attained 
about half its full size, when they ceased, the remainder of the 
surface being marked only by ordinary concentric lines of 
growth. This irregularity in the formation of concentric folds 
is sometimes connected with considerable distortion of the usual 
symmetry of the shell. 

‘“The long diameter of an average example, from the umbo to 
the postero-ventral margin, twenty-six mm.; greatest breadth, 
eighteen mm. ; thickness, sixteen mm. This species is especially 
distinguished by its small size. Its other more conspicuous 
specific characters are the small but prominent and pointed 
beaks, and subequal valves. 

‘¢From the young of J. labiatus, the valves of which are sub- 
equal, it differs in the character of the beaks just mentioned, 
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the greater convexity of the valves, and other evidences of 
mature growth.’’ 

This fossil has been found in the Septaria horizon only, and 
there only in a fragmentary condition. Complete specimens 
are difficult to obtain, on account of the extreme friable condi- 
tion of the Septaria nodules in which they occur. The fossil is 
found associated with J. tenuirostratus and I. fragilis, in the 
septaria on the Saline south of Plainville. Fragments have 
also been found in the septaria of Oak creek, in Smith county. 


Inoceramus gilbertii White. Plate xct1, figs. 1, 3. 


Inoceramus gilbertii White, 1876, Geol. Uinta Mts., p. 113; 1879, 11th Ann. 
Rep. U.S. Geol. Surv. Terr., p. 285, pl. 111, ff. 3 and 4; Stanton, 1892, Bull. 
U.S. Geol. Surv. No. 106, p. 79, pl. xtv, ff. 3 and 4. 

‘Description: ‘‘Shell irregularly subovate in marginal out- 
line, the transverse diameter being greater than the vertical ; 
front more or less flattened; valves nearly or quite equal, the 
left one, if either, the larger, both of these gibbous, and some- 
time quite yentricose; umbones broad and elevated; beaks 
very near the front, incurved, but not projecting beyond the 
front margin; front nearly straight vertically, or sometimes 
more rounded, in the former case forming a nearly right angle 
with the hinge; front margin rounded below to the basal mar- 
gin, which is broadly convex for more than half the length of 
the shell; postero-basal margin extended obliquely upward, 
with a slight emargination, to the posterior extremity, which 
is abruptly rounded to meet the downward-sloping postero-dor- 
sal margin; dorsal margin straight, its length equaling more 
than half the long diameter of the shell. Upon each valve 
there is an obscure radiating depression or ill-defined furrow 
extending from the umbonal region to the postero-basal border, 
and ending there at the emargination before mentioned. Sur- 
face marked by the usual lines of growth, and also by numerous, 
extravagant, irregular folds or wrinkles. Length, seventy-five 
mm.; height, fifty mm.’’ 

Inoceramus gilbertii occurs not only in the Septaria horizon 
but also in the Fort Benton limestone group. 
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Tnoceramus umbonatus M.& H. Plate Lxxxix. 


Inoceramus umbonatus M. & H., 1858, Proc. Acad. Nat. Sci. Phil., p. 50; 
Meek, 1876, U. S. Geol. Surv. Terr., vol. rx, p. 44. pl. 111, ff. la, b, c, and 
pl. tv, ff. la, b, and 2a and b; Stanton, 1892, Bull. U.S. Geol. Surv. No. 106, 
p. 81, pl. xviit, ff. 1 and 2. 


Stanton’s revised description: ‘‘ Shell attaining a rather large 
size, vertically subovate, extremely inequivalve; height more 
than one-third greater than the antero-posterior diameter ; 
base regularly rounded; hinge and interior unknown. Left 
valve very convex; beak greatly elevated, gibbous, strongly and 
somewhat obliquely involute, so as to form one and a half to 
two entire turns, the point terminating near the anterior side ; 
surface unknown, that of internal casts sometimes showing 
faint traces of concentricundulations. Right valve subcircular, 
or a little oval transversely, much compressed or nearly flat, ex- 
cepting in the central or umbonal regions, which are moderately 
convex; beaksrather oblique, projecting little above the hinge, 
and but slightly incurved; surface of an internal cast orna- 
mented with regular, rather prominent, subangular, concentric 
undulations, separated by wider rounded depressions. Height 
of left valve, about 7 inches; antero-posterior diameter, 5.19 
inches; convexity, 4.50 inches. Right valve, height, about 
5.70 inches ; antero-posterior diameter, 5.70 inches; convexity, 
about 1.60 inches.”’ 

This species occurs in the Fort Benton limestone group, but 
it is not abundant. 


Inoceramus exogyroides M. & H. Plate txxxvit. 


Inoceramus exogyroides M. & H. 1862, Proc. Acad. Nat. Sci. Phil., p. 26; 
Meek, 1876, U. S. Geol. Surv. Terr., vol. rx, p. 46, pl. v, ff. 3a, b, c; Stan- 
ton, 1892, Bull. U. S. Geol. Surv., p. 83, pl. xvu, ff. 1 and 2. 


Revised description: ‘‘ Shell medium size, equivalve or nearly 
so, valves suborbicular, height of the valves being greater than 
their lengths from the anterior to the posterior side, very gib- 
bous; anterior and posterior sides rounded, and forming with 
the base about three-fourths of a circle, the posterior curve being 
broader than the other; cardinal margin comparatively short, 
and apparently a little arched; beaks large, elevated, gibbous, 
distinctly incurved and directed obliquely forward, so as to 
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bring its point near the anterior margin ; surface of cast smooth, 
or marked by obscure concentric undulations. Length from 
anterior to posterior margin, ten cm.; height, fourteen cm. ; 
convexity, seven cm.”’ 

The casts of two valves of this species were obtained from the 
Fort Benton limestone. The twisted beak precludes the possi- 
bility of its belonging to J. wmbonatus, as suggested by Stanton. 
( See citation above.) 


TInoceramus tenuwirostratus M.& H. Plate xcv, figs. 3, 4. 


Inoceramus tenuirostratus M. & H., 1862, Proc. Acad. Nat. Sci. Phil., p. 27; 
Stanton, 1892, Bull. U. S. Geol. Surv. No. 106, p. 83, pl. xvi, ff. 3, 4. 


Inoceramus tenuirostris Meek, 1876, U.S. Geol. Surv. Terr., vol. 1x, p. 59, 
f. 5 in text. 


Stanton’s revised description: ‘‘ Left valve very gibbous, 
subquadrate in outline; anterior margin very short or verti- 
cally truncated, with a slightly convex outline, immediately in 
front of the beak, and rounded into the base below; ventral 
margin nearly semi-elliptical; posterior side rounded, or some- 
times subtruncated, with a slightly convex outline above, and a 
little more prominent and rounded into the base below; hinge 
of moderate length, with cartilage furrows small, there being 
about five of them in the space of twenty-hundreths inch; beak 
very gibbous, prominent, narrowed, strongly incurved, and di- 
rected a little forward, its point being directly over the anterior 
region. Surface of internal cast smooth over the gibbous um- 
bonal region, but showing traces of small, concentric undulations 
below the middle. Length, 2.10 inches; height from the base 
to hinge, 1.82 inches; height to tip of umbo, 2.13 inches; con- 
vexity of left valve, .90 inch.”’ 

A few specimens of this species have been collected from the 
Septaria horizon of the Fort Benton formation. 


Inoceramus undabundus M. & H. Plate xcv, figs. 1, 2. 


Inoceramus undabundus M. & H., 1862, Proc. Acad. Nat. Sci. Phil., p. 26; 
Meek, 1876, U.S. Geol. Surv. Terr., vol. 1x, p. 60, pl. u11, ff. 2a, b; Stanton, 
1892, Bull. U. S. Geol. Surv. No. 106, p. 84, pl. xvi, ff. 1 and 2. 


‘Shell obliquely rhombic subovate or subquadrate, gibbous ; 
anterior side very short, and rounding obliquely downward into 
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the base; posterior basal extremity prominently rounded; pos- 
terior margin broadly rounded or subtruncated; dorsal and 
anterior margin diverging from the beaks at an angle of about 
ninety degrees ; hinge short; moderately prominent and nearly 
terminal, that of the left valve rather strongly incurved and 
directed obliquely forward, while in the right it is straighter 
and less elevated; umbonal axis ranging at an angle of about 
seventy degrees to the hinge line. Surface of both valves (in 
the condition of casts) ornamented by regular strong, sub- 
angular, concentric undulations, separated by wider rounded 
depressions. Height from the most prominent part of the base 
to the hinge margin, 2.90 inches; height to top of umbo, 3.36 
inches; convexity of left valve, 1.84 inches.’’ 

This species occurs in the Fort Benton limestone, but it is not 
abundant. Specimens seen were imperfect casts only. 


“a 
Inoceramus subconvexus, u. sp. Plate cxvitt, fig. 1. 


Description: Shell oblong oval, nearly if not entirely equi- 
valve, convex, greatest convexity in anterior region; anterior 
margin triangular; margin opposite hinge curved; hinge 
straight, long in comparison with length of shell; posterior 
margin rounded and extended into a narrow, flat flange. Shell 
curving abruptly upward from the narrowly pointed beaks, 
then curving gradually backward and downward; beaks ter- 
minal, apparently not rising above the hinge and slightly 
incurved. Surface marked by moderately prominent undula- 
tions and rather closely crowded striations. Length of longi- 
tudinal axis, fifty mm.; maximum breadth, thirty mm.; 
diameter at point of greatest convexity, fifteen mm. 

This species seems most nearly related to Inoceramus labiatus, 
to which species I was inclined to ascribe it on first examina- 
tion, thinking it was a young individual. On comparing the 
specimen with young individuals of Jnoceramus labiatus, how- 
ever, I was able to note specific differences. These differences 
are greater convexity, pointed beak, and abrupt anterior curve 
of shell. 

A right and left valve of this shell were found by the writer 
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in the Fort Benton limestone on Salt creek, in the southern 
part of Mitchell county. 

The species occurs associated with J. labiatus, but it is not at 
all as abundant as the latter. 


Modiola (Brachydontes) maltilinigera Meek. Plate Lxxxvt, fig. 5. 


Modiola (Brachydontes) multilinigera Meek, 1873, Ann. Rep. U.S. Geol.. 
Surv. Terr. for 1872, p. 4922; Stanton, 1892, Bull. U. S. Geol. Surv. No. 
106, pp. 86, 87, pl. xx, f. 3. 


Vosella (Brachydontes ) multilinigera White, 1880, Cont. to Paleontology, 
Nos. 2-8, p. 14, pl. x1, ff. 15a, b.; Ann. Rep. U.S. Geol. Surv. Terr. for 
1878. 


Original description: ‘‘ Shell rather above medium size, ob- 
liquely arcuate suboyate ; valves strongly convex along the um- 
bonal slopes, thence cuneate posteriorly, and abruptly curved 
inward below the middle in front; posterior margin forming a 
broad, regular, convex curve, from the end-of the hinge down- 
ward to the anterior basal extremity, which is very narrowly 
and abruptly rounded; anterior margin ranging obliquely back- 
ward and downward to the narrow basal extremity, and strongly 
sinuous along the middle, above which it projects more or less 
beyond the umbonal ridge, so as to form a moderately promi- 
nent, somewhat compressed protuberance; hinged margin 
nearly or quite straight, running at an angle of fifty to sixty de- 
grees above an imaginary line drawn from the beaks to the most 
prominent parts of the basal outline, and equaling about half 
of the greatest oblique length of the valves; beaks nearly termi- 
nal, rather compressed, very oblique, and scarcely rising above 
the hinge margin; umbonal slopes prominent and more or less 
strongly arcuate. Surface ornamented by fine lines of growth, 
crossed by regular radiating lines that are very fine and crowded 
on the anterior part of the valves, but become coarser above 
and behind the umbonal ridge, the largest being near the dorsal 
side, where they bifurcate so as to become very fine, and curve 
more or less upward before reaching the cardinal margin. 
Greatest length, measuring obliquely from the beaks to the most 
prominent part of the basal margin of a large specimen, 1.90 
inches; greatest breadth at right angles to the same, 1 inch; 
conyexity, 0.76 inch.”’ 


458 University of Kansas Geological Survey. 


This species occurs in a thin stratum of sandstone underlying 
the Lincoln marble group of the Fort Benton formation. 


Callista (Aphrodina) tenwis H.& M. Plate xcix, fig. 8, 9. 
Cythera tenuis H. & M., 1856, Mem, Am. Acad. Sci., n.s., vol. v, p. 383, pl. 1, 
tis Be 


Meretriz tenuis M. & H., 1860, Proc. Acad. Nat. Sci. Phil., p. 185. 
° ? Dione tenuis Meek, 1864, Smiths. Check-List, Inv. Foss. of N. A., p. i8. 


Callista (Aphrodina?) tenuis Meek, 1876, U.S. Geol. Surv. Terr., vol. 1x, 
p. 188, pl. v, ff. la-d; Stanton, 1893, Bull. U. S. Geol. Surv., p. 109, pl. 
XXIV, ff. 7 and 8. 


Description: Shell equivalve, subcircular or subovate, moder- 
ately thin; beaks incurved slightly in specimen and placed in 
the antero-central region; anterior side of shell moderately 
short, rounded below and moderately straight above; posterior 
side somewhat subtruncate ; basal margin short, forming a semi- 
oval curve. Beaks smooth; surface marked by fine concentric 
lines of growth. Length, twenty-four mm.; height, sixteen 
mm.; convexity, ten mm. 

Specimen was collected by the writer from the Septaria hori- 
zon of the Fort Benton, in the vicinity of Williams butte, in 
Mitchell county. It consists of the right and the left valve 
united and firmly held together by an internal cast. For that 
reason none of the internal characteristics can be noted, and its 
classification is dependent upon its external features, which are 
none too well preserved. Species of this and kindred genera 
are not abundant in the Septaria horizon. 


Mactra emmonsii Meek. Plate xcm, fig. 11. 


? Mactra emmonsii Meek, 1877, U. S. Geol. Expl. 40th Parallel, vol. rv, pt. 
Ty Ds Lod,nple voit. os 
Tei ee Careoned! Stanton, 1892, Bull. U. S. Geol. Surv., p. 121, pl. xxvu, 
Revised description: Shell small, compressed, longer than 
high, equilateral, anterior side in some specimens longer than 
the posterior side ; anterior margin narrowly rounded below the 
middle ; posterior border somewhat broader ; basal margin form- 
ing a semielliptical curve; dorsal margin sloping before and 
behind the beaks, the anterior slope being greater, with a con- 
cave outline; beaks nearly central, or sometimes placed a little 
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behind the middle, rather depressed and incurved, with very 
slight obliquity ; posterior umbonal slope very obscurely angular 
from the beaks to the posterior basal extremity ; surface marked 
by lines of growth. Hinge line short, pallial line obscure. 
Length of large specimen, twenty mm.; height, fifteen mm. ; 
convexity, eight mm. 

A cast of a shell which was taken from a thin stratum of 
sandstone underlying the Lincoln marble in the southern part 
of Mitchell county undoubtedly belongs to this genus, and 
probably to this species, although it resembles M. huerfanensis 
in afew points. Fragment of other forms resembling this one 
were found in the same horizon on the Solomon river near 
Beloit. On some of the casts the internal features are but 
poorly portrayed. | 

Parapholtlas, sp. 

A piece of fossil wood collected by Mr. Sommers, of Buel, 
from the Lincoln marble horizon of Salt creek, contains casts 
of forms which resemble Parapholas sphenoides, with the ex- 
ception that they are shorter and more robust. This species 
may be synonymous with Parapholas ? sp. Stanton, described 
from the Pugnellus sandstone of Poison cafion, Colorado. 
Should such be the case, the circumstance points more clearly to 
the identity of these two horizons. 


Turritella whitei Stanton. Plate xcrx, figs. 1-5. 


Turritella urasana White, U. S. Geol. Surv. West 100th Mer., vol. tv, p. 
195, pl. xvii, ff. lla and b. Not Vurritella urasana Conrad, 1856, Pac. 
R. R. Rep., vol. v, p. 321. 

Turritella whitei, Stanton, 1892, Bull. U. S. Geol. Surv. No. 196, p. 130, 


pl. xxvitt, ff. 12-16 


Original description: ‘‘Shell of ordinary size, elongate, 
slender; sides straight; volutions numerous, apparently reach- 
ing eighteen or twenty when full grown; the sides of the volu- 
tions nearly straight or only slightly convex; suture broad, 
deeply impressed. Surface marked by numerous revolving 
raised lines, six or eight of which are moderately large, the 
smaller ones alternating with them. The larger lines are mi- 
nutely nodose upon the large volutions, and upon the last one 
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they are even subspinulose. All the specimens of this species 
in the collection are more or less broken, but judging from 
their apical angle as indicated by their sides, the largest must 
have been about five and a half cm. long, and its last whorl 
about thirteen mm. in diameter.’’ 

The claim of this species to recognition as a Kansas form is 
based upon a very poorly preserved specimen collected from a 
thin stratum of sandstone underlying the Fort Benton Lime- 
stone group. 


Pyropsis coloradoensis Stanton. -Plate c, figs. 6-8. 


Pyropsis coloradoensis Stanton, 1892, Bull. U.S. Geol. Surv. No. 106, p. 
154, pl. xxx1t, ff. 6-8. 

Original description: ‘‘ Shell of rather large size, pyriform, 
consisting of four or five rapidly increasing volutions ; spire in 
some specimens much depressed, in others rather prominent ; 
suture distinct, bordered below by a revolving ridge that gives 
it a channeled appearance; whorls bicarinate around the 
middle; the upper carina the stronger; obliquely flattened 
above and rather abruptly contracted below into the canal, 
which is moderately long and slightly curved. On the whorls 
of the spire only the upper slope above the greater carina is 
exposed. In addition to the carine that are prominent and 
more or less nodose on the body whorl, the surface ornamenta- 
tion consists of numerous strong, granular, revolving lines, 
usually alternating with finer ones and crossed by distinct lines 
of growth. Aperture elongate ovate, suddenly narrowed and 
slightly produced above to form a short posterior canal, and 
more gradually contracted below into a rather broad anterior 
canal. Outer lip thin and slightly dentate within; inner lip 
comparatively thin, forming«a broad, thin glaze on the body 
whorl above, but thickening and narrowing below until it is 
free from the columella, leaving a distinct and deep umbilicus. 
There is a single oblique fold on the columella. Length of one of 
the types, seventy-seven mm.; greatest breath, forty-nine mm.”’ 

This species occurs in the Septaria horizon of the Fort Ben- 
ton formation. 
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Rostellites ambigua ? Stanton. Plate c, figs. 2-5. 
Rostellites ambigua Stanton, 1893, Bull. U. S. Geol. Surv. No. 106, p. 156, 
pl. xxx11l, ff. 8-10. 

Original description: ‘‘Shell rather large size, spindle-shaped ; 
spire elevated and rather slender, somewhat more than half the 
length of the aperture; whorls about seven in number, moder- 
ately convex, the last one very large; suture distinct, more or 
less channeled. Below the rounded border of the suture the 
whorl is slightly constricted or flattened. Surface ornamented 
by numerous closely arranged revolving lines and by larger 
curved transverse cost that are less conspicuous on the body 
whorl than on the spire, and that have a tendency to form 
nodes just below the suture. The aperture narrow, prolonged 
into a rather short canal, and with a short posterior. notch. 
Outer lip thin, obscurely lrate within, and slightly reflexed ; 
inner lip with avery thin callus. The pillar is slightly arched, 
with two distinct folds, the anterior of which is the stronger, 
and faint indications of two others behind them. Length of an 
average specimen, seventy-seven mm. ; greatest breadth, twenty- 
four mm. Other specimens show that the species attained a 


considerably greater size and sometimes had a more robust 
form.’’ 


The above-described species occurs in the Septaria horizon of 
the Fort Benton formation, where it is associated with R. 
willistoni. 

tostellites willistonii, nu. sp. Plate cxx, fig. 3. 

Shell rather large, spindle-shaped; spire passing gradually 
to a point, equally as long as the aperture; whorls six in num- 
ber, the body whorl being much larger than the first in the 
spire. Whorls slightly constricted both above and below the 
suture, which has a slightly raised border, which is somewhat 
rounded. Suture not especially distinct. Surface marked by 
parallel revolving lines and by curved, prominent coste, form- 
ing oblong nodes or ridges.on each whorl, but more prominent 
ones on the body whorl than on the spire. Nodes decreasing in 
prominence as the apex is approached. Aperture inversely 
conical, prolonged into a moderately long canal. 
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Length of a medium-sized specimen, fifty mm.; greatest 
breadth, fifteen mm. Pillar arched but apparently without 
folds. There seems to be no well-marked irregularity in the 
cost, and parallel ridges or oblong nodes are formed on each 
whorl. 

This species corresponds more nearly to R. ambigua Stanton 
than to any other form, and may be a variety of that species. 
The chief differences are found in the nodes and sutures and 
an absence of folds in the pillar. The specimens of this species 
were collected by Professor Williston during the past summer 
from the Septaria of the Blue Hills shales at Williams’ Butte, in 
Mitchell county. Its discovery is interesting from the fact that 
it is the first gastropod described from this horizon in Kansas. 
A poorly preserved specimen belonging to this class, but to a 
different genus, was found imbedded in the same mass of iron 
pyrites in which the species R. willistonw occurred. 


? Helicoceras corrugatwm Stanton. Plate c, fig. 3. 


? Helicoceras corrugatum Stanton, 1892, Bull. U. S. Geol. Surv., p. 165, pl. 
ROACAY, Miles, Bp 

Original description: ‘‘ Shell dextral, forming a very low, 
broad, open spiral; whorls with an ovate cross-section, increas- 
ing rapidly in size, apparently not in contact. Surface marked 
by small, regular, rather closely arranged costz that pass ob- 
liquely entirely around the whorl. The cost are narrrowly 
rounded, not quite as broad as the interspaces, and without 
nodes or spines. Full form of the shell and septa not known. 
The type specimen, which is about half of one volution, meas- 
ures 105 mm. in length, with sections 10 by 12 mm. at the 
smaller end, and 18 by 23 mm. at the larger end.”’ 

From Stanion’s figure, I am led to believe that a fragment of 
a shell collected from the Septaria horizon of the Fort Benton 
belongs to this species. 
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Placenticeras placenta Dekay. 


Ammonites placenta Dekay, 1828, Ann. N. Y. Lyc. Nat. Hist., vol. 11, p. 278, 
pl. v, f. 2, and of various authors. 


Ammonites (Placenticeras) placenta Meek, 1870, U.S. Geol. Surv. Terr., 
p. 297, and 1870, Proc. Amer. Phil. Soc., vol. x1, p. 429. 


Placenticeras placenta Meek, 1876, U. S. Geol. Surv. Terr., vol. 1x, p. 465; 
Stanton, 1892, Bull. U.S. Geol. Surv., p. 169, pl. xxxrx, ff. 1-3. 


Meek’s description: ‘‘ Shell lenticular in form, attaining a 
large size; umbilicus small; volutions deeply embracing, com- 
pressed laterally, with sides converging from near the umbilicus 
to near the periphery, which is very narrowly truncated and 
flattened or a little concave, with its smooth margins becoming 
more obtuse with age; aperture narrowly sagittate; surface 
generally smooth or only showing very obscure traces of curved, 
transversely elongated prominences on each side, with some- 
times a row of very small indistinct nodes around the umbilicus ; 
in young exfoliated shells also usually showing small, faintly 
defined, divaricating corrugations, directed backward around 
the outer half of each side. Large examples attain two feet or 
more in their greatest diameter. Young specimens, three and 
seyenty-hundredths inches in breadth, show a thickness of 
about ninty-hundredths of an inch, while large individuals are 
proportionally thicker, and on the periphery become more ob- 
tuse. Septa with twelve lateral lobes, and as many sinuses on 
each side, in large examples crowded and very complex.”’ 

I obtained a large fragment of this species from the Blue Hills 
shales in the vicinity of Williams’ Butte, in Mitchell county. 
It is the only specimen known to have been collected from the 
Fort Benton of this state. 


Prionocyclus wyomingensis Meek. Plate cvt. 


Ammonites serratocarinatus Meek, 1871, Proc. Am. Phil. Soc., vol. xt, 
p. 429. 


Ammonites (Pleuroceras?) serratocarinatus Meek, 1871, Ann. Rep. U. 8. 
Geol. Surv. Terr. for 1870, p. 298. 


Prionocyclus wyomingensis Meek, 1876, U. S. Geol. Sury. Terr., vol. 1x, 

p. 452; White, 1880, Ann. Rep. U.S. Geol. Surv. Terr. for 1878, p. 35, pl. 

xv, ff. la-e: Whitfield, 180, Geol. Black Hills Dak., p. 440, pl. xiv, ff. 1-3; 
Stanton, 1593, Bull. U. S. Geol. Surv. No. 106, p. 171, pl. xu, ff. 1-4. 

Original description: ‘‘ Shell attaining a rather large size; 

discoid, with periphery provided with a very narrow, prominent, 
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serrated, mesial keel, including the siphuncle. Volutions in- 
creased rather gradually in size, somewhat compressed laterally, 
and a little excavated without being distinctly channeled on 
each side of the ventral keel; inner ones but slightly embraced 
by each succeeding turn, and consequently well exposed in the 
wide umbilicus. Surface ornamented with numerous unequal 
costes, some of the larger of which bear a small, somewhat 
elongated node near the umbilicus, and two closely approxi- 
mated, small nodes around the ventro-lateral margins, where 
they all curve strongly forward as they pass upon the periphery ; 
spaces between each two of the large nodose costze occupied by 
from one to about three smaller ones. Septa unknown.”’ 
Stanton adds: ‘‘ The cost are very irregular and vary con- 
siderably in strength on different individuals, but they retain 
the same characters throughout all the stages of growth, ex- 
cepting that the smaller intermediate ones almost disappear 
from the last whorl of very large specimens. Frequently two 
cost spring from the same node near the umbilicus and some- 
times are again united in the node near the periphery, but in 
other cases they continue separate until they disappear near 
the keel. Very few specimens show more than one row of 
nodes near the periphery, and these are never developed into 
spines. The serrations of the keel are small and somewhat 
more numerous than the coste. The breadth of the whorl is 
about two-thirds of the height in young specimens; in larger 
ones it is proportionately somewhat greater. The species some- 
times reached a size of not less than twenty-five cm. in diame- 
ter. The outer whorl of a specimen that is 125: mm. in diameter 
measures thirty-eight mm. in width by forty-eight in height.” 
Specimens from Septaria horizon, near Williams’ Butte. 


Prionocyclus macombi Meek. Plate ct. 


Prionocyclus macombi Meek, 1876, Macomb’s Expl. Exp., Geol. Rep , p. 132, 
pl. 11, ff. 3a-d. 
Prionocyclus macombi Stanton, 1893, Bull. U.S. Geol. Surv. No. 106, p. 172, 
jolk, saeie, ties Ta 
Original description ‘‘Shell discoidal; umbilicus shallow ; 
somewhat less than the diameter of the last whorl from the 
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ventral to the peripheral side, and showing all the inner turns ; 
yolutions increasing greatly in size, very slightly embracing, so 
as to be nearly flat on the sides, but rounding into the umbilicus ; 
periphery rather narrow, nearly flat, and provided with a small 
mesial carina, which is very slightly waved in outline; lateral 
margins of the periphery each having a row of small, com- 
pressed nodes, arranged at the termination of each of the coste, 
with their long diameters nearly parallel to the peripheral keel ; 
sides of each turn ornamented by from thirty-six to forty rather 
obscure, slightly flexuous costz, only every second, third or 
fourth one of which extends across the umbilical margin, where 
they are usually a little swollen. The septa are generally a 
little crowded in adult shells, and divided into two very 
unequal principal lobes on each side. Siphonal lobe rather 
longer than wide, ornamented by three branches on each side, 
the two terminal of which are a little larger and much less 
spreading than the lateral pair, and each ornamented by some - 
five or six sharp digitations along the margin and at the 
extremity, where the first pair of principal lateral branches 
above the terminal ones are of nearly the same form as the 
latter, but more spreading, and the third pair are smaller, and 
merely provided with a few digitations; first lateral sinus 
(dorsal saddle of old nomenclature) as long as the siphonal 
lobe, but much wider, and deeply divided into two unequal 
parts, of which the one on the siphonal side is larger than the 
other, each of these principal divisions being ornamented by 
some four or five short, irregular branchlets, with obtusely digi- 
tate margins; first lateral lobe slightly wider than the siphonal, 
and provided with some seven or eight short, rather unequal, 
merely digitate, and palmately spreading terminal and lateral 
branchlets ; second lateral sinus narrower, but as long as the 
first on the outer or siphonal side, and much shorter on the 
umbilical, haying two short, unequal, digitate branches at the 
end, and some three or four short, irregular divisions along the 
oblique margins of the umbilical side ; second lateral lobe small, 
or scarcely more than twice as large as the auxiliary lobe of the 
siphonal sinus, and somewhat irregularly bifid, the divisions 
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being short, and, like the lateral margins, more or less digitate. 
Greatest diameter of the specimen, retaining only a small por- 
tion of the non-septate outer whorl, four and four-tenths inches ; 
greatest convexity of the same, ninety-five hundredths of an 
inch; breadth of umbilicus, one and thirty-five hundredths 
inches; breadth of the last whorl from the siphonal to the um- 
bilical side, one and eight-tenths inches.”’ 

Additional description by Stanton: ‘‘In the young stages of 
this species the costze are simple, linear, closely arranged, and 
strongly curved forward. The keel is then minutely crenate, 
with one crenation to each costa. After the third volution, 
some of the coste are more strongly developed and bear nodes 
or small spines at their outer ends, while the intermediate ones 
become obsolete. The crenations of the keel still continue nu- 
merous and small. . . . It can be easily distinguished 
[from P. wyomingensis| by its more compressed form, by the 
greater regularity of the cost, and by the much greater differ- 
ence between its young and adult stages.”’ 

A single specimen from Williams’ Butte, Mitchell county, in 
the Septaria horizon. 


Prionotropis woolgari Mantell. Plate cr, figs. 1-4. 


Ammonites woolgari Mantell, 1822, Geol. of Sussex, p. 197, pl. xx11, ff. 6,7; 
Sowerby, 1829, Min. Conch., vol. vi, p. 25, pl. pLxxxvit, f. 1; Sharpe, 1853, 
Fossil Remains Moll. Chalk of England, p. 27, pl. 1, ff. 1,2; Meek and 
Hayden, 1861, Proc. Acad. Nat. Sci. Phil., p. 421. 

Prionocyclus ( Prionotropis) woolgari Meek, 1876, U.S. Geol. Surv. Terr., 
vol. 1x, p. 455, pl. vir, ff. la—h, and pl. vi, f. 2. 

Ammonites percarinatus H. & M., 1856, Mem. Am. Acad. Arts and Sci., 2d 
Ser, VOlu Verps 905) pls liveth. 2 

Prionotropis woolgari Stanton, 1892, Bull. U.S. Geol. Surv. No. 106, p. 174, 
pl. xt, ff. 1-4. 


Meek’s description: ‘‘Shell attaining a medium size, more 
or less compressed-discoidal, the outer turn being proportion- 
ally more convex (including nodes) than those within; um- 
bilicus about equaling the greater dorso-ventral diameter of the 
last turn; each volution embracing about one-fifth of the next 
within, and having its umbilical margin slightly indented by 
the uncovered nodes forming the inner of the two outer rows on 
the succeeding volution within. 
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‘Young examples, half an inch to one inch in diameter, with 
cost linear, closely arranged, of nearly uniform size, and mani- 
festing scarcely any tendency to develop nodes, but already 
showing the forward curve of their outer ends well defined, 
while the peripheral keel is low, narrow, and simple, and the 
furrow on each side shallow. At a somewhat larger size, cost 
usually more or less unequal in size, the larger ones now begin- 
ning to develop the two nodes at their outer curved ends, and 
to become a little more prominent and compressed at their inner 
extremities, while the rather more prominent keel begins to 
develop its crenate outline, and the nodes nearest it to assume 
their compressed form and parallel arrangement. On attaining 
to two and one-half to three inches in diameter, coste, nodes, 
and keel becoming more prominent, the latter being strongly 
compressed and deeply and largely scalloped, with divisions 
rounded in outline; while, at this stage of growth, the periphery 
as seen in profile would seem to be very deeply sulcated on each 
side of the keel, but this is due to the prominence of the row 
of nodes on either side of the same. Costx, when the shell 
has attained a diameter of four inches, much depressed in the 
middle, with the nodes at their inner ends thicker and more ob- 
tuse, and those nearest the keel more depressed or nearly ob- 
solete, while those of the third series, near by, become much 
enlarged and produced obliquely outward as short, thick, spine- 
like projections. Soon the outer compressed nodes disappear, 
and the keel is only represented by distinctly separated, low, 
elongated nodes; and when the shell has attained a diameter of 
seven inches, the cost are more distant, greatly elevated, com- 
pressed, and almost wing-like, but still retain a large, promi- 
nent, subtrigonal node or projection at their outer ends, and 
again become, as it were, pinched up at their inner extremities, 
which do not quite reach the umbilical margin. 

‘« Septa moderately close together; siphonal lobe longer than 
wide, with three or four short branches on either side, the two 
terminal of which are largest, more or less parallel, and merely 
serrated ; first lateral sinus broader than the siphonal lobe, more 
or less deeply divided into two subequal branches with short, 
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irregular branchlets and digitations ; first lateral lobe somewhat 
longer than the siphonal and bipartite, with short irregular 
branchlets and digitations occasionally in small specimens, with 
the middle terminal branch proportionally broad, and so deeply 
sinuous at the end as to impart more nearly the appearance of 
a bipartite arrangement of the whole ; second lateral sinus nearly 
resembling one of the divisions of the first, and in the adult with 
merely a number of marginal digitations ; second lateral lobe a 
little more than one-third as long, and from one-third to one- 
half as wide as the first, generally tripartite at the end, but 
sometimes in large specimens bipartite on one side of the shell, 
the divisions being very short and simple, or serrated; third 
lateral sinus very small and merely bilobate, or in large speci- 
mens digitate along the margins; third lateral lobe hardly half 
as long as the second, and in small specimens merely tridentate 
at the end. 

‘‘ Largest specimen seen, seven inches in its greatest diame- 
ter; convexity, measuring between the cost at the larger, 
broken end of the last turn, one and sixty-hundredths inches ; 
convexity of the same, measuring so as to include the greatly ex- 
panded costz, three and twenty-five-hundredths inches.’’ 

Impressions of these shells occur abundantly in the Fort Ben- 
ton limestone. They have been found in that horizon in Ells- 
worth, Lincoln and Mitchell counties. 


Prionotropis hyattii Stanton. Plate ctr, figs. 5-8. 


Prionotropis hyattii Stanton, 1892, Bull. U.S. Geol. Surv., p. 106, pl. xxit, 
ff. 5-8 


Stanton’s description: ‘‘Shell of rather small size, com- 
pressed discoidal, consisting of five or six whorls; volutions 
gradually increasing in size, embracing the earlier ones but 
very slightly, so that the umbilicus is broad, though different 
specimens vary somewhat in this respect. In very young ex- 
amples the height of the whorls is greater than the breadth, 
the keel is small, and more or less crenate, and the cost are 
simple, lineate, and strongly curved forward at the outer ends, 
without any nodes at first. Usually every third or fourth costa 
is stronger than the others. Some specimens three-fourths of 
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an inch in diameter are scarcely distinguishable from the young 
of Prionotropis woolgari, excepting that usually the cost are 
slightly more unequal. As the shell continues to grow the 
costee become more marked and each of the larger ones de- 
velops two nodes near the outer end, where it curves forward, 
and on some of them there is also an elongated node near the 
umbilicus. At first the two outer nodes are equal, one being 
just on the angle between the side and the abdomen and the 
other about half way between it and the keel, but at a later 
stage the nodes nearest the keel become obsolete, while the 
others rapidly increase in size, and some of them are developed 
into prominent sharp spines that are directed obliquely out- 
ward and backward. On the outer whorl of the large example 
the costze become distant, apparently by the suppression of the 
intermediate smaller ones. While these changes in the surface 
ornamentation are developing, the form of the volution is also 
considerably altered. The abdomen becomes flattened on each 
side of the narrow, prominent keel, the sides become less con- 
vex, and the breadth of the whorl is finally almost equal to the 
height, so that its cross-section is subquadrate. The keel in all 
the larger specimens is usually more or less serrate, the serra- 
tion equaling the cost, though sometimes it is only slightly 
sinuous, and it is never completely divided into nodes as it is 
in Prionotropis woolgari. Septa very much like those of Priono- 
tropis woolgarz, as is shown by the figures. None of the speci- 
mens shows the complete living chamber, but the well-developed 
spines and other features of the surface ornamentation seem to 
be adult characteristics, and it is therefore probable the species 
never attained a very large size. The largest one before me 
measures forty-seven mm. in diameter; the outer whorl is six- 
teen mm. in height, exclusive of the keel, and fifteen mm. in 
breadth. Some of the spines on specimens of this kind are 
six mm. or seven mm. long. Some fragments apparently of 
this species belong to larger individuals.” 

Numerous impressions of forms which are undoubtedly of 
this species occur in the Fort Benton limestone in the Salt 
creek and Rattlesnake creek outcrops. 
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Prionotropis levianus White. Plate cit, figs. 3, 4. 


Prionotropis lavianus White, 1876, U. S. Geol. and Geog. Surv. West 100th 
Mer., vol. tv, p. 201, pl. x1x, ff. la, b; Stanton, 1892, Bull. U.S. Geol. 
Surv. No. 106, p. 178, pl. xu1m, ff. 3, 4. 


Original description: ‘‘Shell moderately large, robust; vo- 
lutions four or more, increasing rapidly in size, especially the 
outer one, so that the umbilicus is rather deep, but yet showing 
all the volutions, each volution embracing between one-quarter 
and one-third of the width of each preceding one; transverse 
section of outer volution, between the nodes, oval-subquadrate ; 
surface, upon each side, marked by a row of moderately ele- 
vated, transversely elongate nodes, situated about one-third of 
the distance from the umbilicus to the dorsum; and also by a 
row of very prominent nodes on each side of the dorsum. Each 
of these rows consists of the same number of nodes. The dor- 
sal nodes diverge strongly, but are wholly embraced by each 
succeeding volution, and do not therefore appear in the umbili- 
cus. Between these two rows of dorsal nodes, the dorsum is 
slightly convex, and the outer surface of the shell appears to 
have been marked by a small median carina. Between these 
nodes and the umbilicus the sides of the volution are broadly 
convex. A greater transverse elongation of the lateral nodes 
than existed in our example would make each continuous with 
its corresponding dorsal node, which would give to each lateral 
pair of nodes the character of arib. It is not improbable that 
this modification may be found to exist in some examples of 
the species. Septa complex; dorsal lobe and part of dorsal 
saddle unknown; superior lateral lobe moderately large, but 
not bifid; accessory lobes and saddles more or less deeply 
lobed or notched. Diameter, 140 mm.”’ 

Imperfect specimens of a form which I believe to belong to 
this species were obtained from the Septaria horizon of the Blue 
Hills shales on the Saline river north of Hays City. Specimen 
was imbedded in a hard matrix of one of the Septaria nodules ; 
therefore its determination was difficult. 
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Mortoniceras shoshonense Meek. Plate cmt, figs. 1, 2. 
Mortoniceras shoshonense Meek, 1876, U.S. Geol. Surv. Terr., vol. rx, p. 449, 
ps ff. 3a, c, 6b; Stanton, 1892, Bull. U. S. Geol. Surv., p. 179, pl. xx111, 
‘« Shell compressed-discoidal, with umbilicus apparently nearly 
or quite twice as wide as the outer whorl; volutions very nar- 
row, with dorso-ventral and transverse diameters equal, and sec- 
tion subquadrangular, those within scarcely one-sixth embraced 
by the succeeding turn; costz each mainly represented by two 
nodes, the inner of which is low, compressed, and elongated so 
as to extend from near the umbilical margin about half way 
across the sides, while the outer near the peripheral margin are 
more prominent, rounded, and directed laterally ; keel less promi- 
nent than the row of compressed nodes on each side about half 
way between it and the rounded nodes along the margins of the 
periphery ; compressed nodes on the periphery of each inner 
turn covered by the succeeding volution, the inner margin of 
which is indented by the rounded lateral nodes of that next 
within. Septa moderately approximate ; siphonal lobe oblong, 
about once and a half as long as wide, with small, short, nearly 
parallel, serrated terminal branches, and three or four very short, 
digitate and simple branchlets and points on each side; first 
lateral sinus wider than the siphonal lobe, which it equals in 
length, unequally bipartite at the anterior end, both divisions 
being digitate, and the larger one on the siphonal side deeply bi- 
fid; first lateral lobe somewhat longer but narrower than the 
siphonal, and having its terminal division deeply bifid, and its 
lateral margins bearing a few very simple branchlets; second 
lateral sinus scarcely more than half as wide as the first, and 
much shorter on the umbilical side, unequally bifid or trifid at 
the end, with more or less sinuous margins; second lateral lobe 
only about half as long and wide as the first, and trilobate, with 
the small middle division emarginate at the end; third lateral 
sinus a little shorter and narrower, and irregularly tridentate 
at the end; antisiphonal lobe about as long as the first lateral, 
but narrower, with a few short, nearly simple, lateral divisions, 
and a tridentate posterior extremity.’’ 
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This fossil occurs in the Septaria horizon of the Fort Benton 
formation, but so far only fragments or impressions have been 
found. These were collected from the vicinity of William’s 
Butte, in Mitchell county. 


Mortoniceras vermilionense M.& H. Plate ctv, fig. 1. 


Ammonites vermilionensis M. & H., 1860, Proc. Acad. Nat. Sci. Phil., p. 77. 
Mortoniceras vermilionense Meek, 1876, U. S. Geol. Surv. Terr., vol. rx, p. 


450, pl. 7, ff. 2a, b; Stanton, 1892, Bull. U. S. Geol. Surv. No. 106, p. 180, 
Dlnsxaiiva tie 

‘* Shell compressed-discoid, with its shallow umbilicus about 
one-fifth wider than the last turn; volutions increasing gradu- 
ally in size, with convexity about three-fourths the dorso-ventral 
diameter, each turn less than one-fifth embraced by the suc- 
ceeding outer one; cost simple and closely arranged in the 
very young shell, but gradually becoming larger, more distant, 
and a little thickened at their inner and outer extremities, 
which latter are slightiy curved forward, in examples an inch or 
so in diameter; peripheral keel moderately prominent, with the 
depression on each side shallow. Septa not crowded; siphonal 
lobe oblong, about one-fourth longer than wide, with two short, 
narrow or subequal or equal, nearly simple, lateral branches, the 
two terminal of which are diverging and moderately distant ; 
first lateral sinus as long and. nearly- twice as wide as the 
siphonal lobe, and deeply divided into two nearly or quite equal 
parts, with merely sinuous and obtuse digitate margins; first 
lateral lobe slightly longer than the siphonal, and of the same 
breadth, with some five or six spreading unequal digitations at 
the posterior end, the middle two of which sometimes become 
more prominent, so as to give a slightly bifid appearance to the 
extremity ; second lateral sinus short, or scarcely more than 
half as long on the inner side as the first, subquadrate in form 
with shallow marginal sinuosities; the mesial very shallow in- 
dentations, causing a faint tendency to bilobate outline at the 
anterior extremity ; second lobe very small, or even less than 
the auxiliary lobe of the first lateral sinus, about twice as long 
as wide, narrower, and truncated at its posterior end, with a 
very few shallow sinuosities along its lateral margins; third 
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lateral sinus hardly half as long or wide as the second, and 
merely faintly bilobate at the end; third lateral lobe a little 
oblique, simple and smaller than one of the principal terminal 
digitations of the first lateral lobe. Greatest diameter, 1.10 
inches; convexity, about .26 inch.”’ 

This form occurs in both the Fort Benton limestone and the 
Septaria horizons. In the former it occurs as impressions in 
the rock ; in the latter, as casts in the calcareous nodules which 
are in the Blue Hills shales. 


Scaphites larveformis M. & H. Plate crv, fig. 2. 


Scaphites larveeformis M. & H., 1856, Proce. Acad. Nat. Sci. Phil., p. 58; 
Meek, 1876, U. S. Geol. Surv. Terr., vol 1x, p. 418, pl. vi, ff. 6a, b, ¢; 
Stanton, 1892, Bull. U.S. Geol. Surv. No. 106, p. 182, pl. xu1v, f. 2. 


Reyised description: ‘‘Shell small, transversely subovate, 
compressed, evenly rounded on the periphery ; volutions slender, 
nearly round, the inner or coiled ones forming only a very 
small part of the entire shell, and so closely involuted as to 
leave only a very small umbilical pit; extended body portion 
rather long, slender and straight to the recurvature, thence con- 
tinued backward until it comes nearly in contact with coiled 
inner yolutions; aperture apparently circular; surface orna- 
mented by small costz, which pass from the inner side of the 
volutions to about half way across their lateral surfaces, where 
they swell into small obscure, transversely elongated nodes, and 
then branch each into two or three small linear ribs, all of 
which pass straight over the periphery. Septa moderately 
simple, having two main lateral lobes on each side, all of 
which are only moderately divided. The siphonal lobe is 
longer than wide, and has two very small, short, nearly parallel, 
obscurely bifid terminal divisions, with a more oblique, some- 
what similar branch on each sideaboye. The first lateral sinus 
is wider than the siphonal lobe, and nearly as long, with its 
extremity deeply divided by a slender, obscurely trifid, auxil- 
iary lobe, into very unequal, more or less sinuous, and ob- 
tusely digitate branches. [First lateral lobe about half as wide 
as the siphonal, but somewhat shorter, and bearing two very 
small terminal divisions similar to those of the siphonal lobe. 
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Second lateral lobe very small and obscurely trifid at the end 
forming the ventral lobe. Second lateral sinus but little if any 
larger than the first, and merely obscurely divided into very 
short, simple, obtusely rounded terminal subdivisions.”’ 

Specimens of this species are abundant in the Septaria hori- 
zon of the Fort Benton formation. They have been collected 
from the Blue Hills shales on the Smoky Hill tiver, and from 
similar outcrops on the Saline river. 


Scaphites vermiformis M. & H. Plate crv, fig. 3. 


Scaphites vermiformis M. & H., 1862, Proc. Acad. Nat. Sci., Phil., p. 22; 
Meek, 1876, U.S. Geol. Surv. Terr., vol. rx, p. 423, pl. vi, ff. 4a, b; Stanton, 
1893, Bull. U. S. Geol. Surv. No. 106, p. 183, pl. xxtv, f. 3. 

Revised description: ‘‘ Shell somewhat less than medium 
size, ovate subdiscoidal in form; umbilicus moderately small 
in comparison with the size of the shell; inner volutions closely 
involute, regularly coiled, deeply embracing and composing a 
rather large portion of the entire shell; deflected part very 
short, so as only to be slightly disconnected from the inner 
turns at the aperture, which, is a little contracted and quadrato- 
subcircular in outline, with a slightly sinuous inner margin ; 
surface ornamented by numerous straight costs, which are 
rather small and nearly regular on the inner volutions, but 
become more distant and larger as well as more prominent, on 
the inner half of each side of the body portion, where they each 
support a prominent node at the outer end, so arranged that 
those on the opposite sides generally alternate; costz all pass- 
ing nearly straight across the periphery, on which they are 
nearly uniform in size, with the exception of their regular en- 
largement with the whorls. The nodes mentioned above are 
directed out at right angles to the sides of the shell, and, like 
the cost, become again smaller toward the aperture. Most 
of the large cost bifurcate at the nodes of the body part of the 
shell, but their number is also increased by the intercalation of 
others between. Where they thus branch at the nodes on one 
side, the two divisions crossing over the periphery from the 
point of bifurcation never both connect at a node on the oppo- 
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site side, but in some cases one, and sometimes each division, 
terminates between two of the nodes on the other side. 
Siphonal lobe somewhat longer than wide, with a moderately 
narrow body, provided with three branches on each side, the 
upper pair of which are small and nearly simple, while the 
next pair are longer and each bifid, and the terminal pair, 
which are larger than the second, are each ornamented by 
three small, pointed branchlets or digitations, or sharp, 
nearly or quite simple branchlets. The first lateral sinus 
scarcely equaling in width the siphonal lobe, but longer and 
divided at the extremity into two nearly equal branches. 
The first lateral lobe is irregularly tripartite; the lateral divi- 
sions being bifid and sharply digitate, while the terminal, which 
is not quite central, is longer than the others and has about 
five pointed digitations or short, simple branchlets. Second 
lateral lobe (ventral?) moderately small and obscurely bifid. 
Second lateral sinus small, nearly as long as wide, and regu- 
larly tripartite. Length, sixty mm.; height, forty-eight mm. ; 
greatest convexity, measuring from the extremities of the nodes 
on either side, thirty-six mm.”’ 

This species occurs in the Septaria horizon of the Blue Hills 
shales. It occurs not only free in the shale, but also in the 
calcareous nodules. 


Scaphites warrenii M.& H. Plate ctv, figs. 5-7. 


Scaphites warrenti M. & H., 1860, Proc. Acad. Nat. Sci., Phil., p. 185; White, 
1876, U.S. Geog. and Geol. Surv. West 100th Mer., vol. rv, p. 299, pl. xrx, 
f. 3a; Meek, 1876, U.S. Geol. Surv. Terr., vol. 1x, p. 420, pl. vi, f.5; White- 
field, 1880, Geol. Black Hills of Dakota, p. 144, pl. x11, f. 141; Stanton, 
1892, Bull. U. S. Geol. Surv. No. 106, p. 185, pl. xtrv, ff. 4-7. 
Description: ‘‘Shell medium sized, subovate, compressed ; 
inner volutions nearly circular, closely involute, and composing 
a comparatively rather large part of the bulk; deflected body 
portion short and rather more compressed proportionally than 
the inner turns; surface costate and without proper nodes; 
costz small on the inner volutions, where they do not differ 
materially in size, but on the body part about every fourth or 
fifth one becomes more prominent than the others, and extends 
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entirely across from the inner side to and over the periphery, in 
passing upon which they bifurcate, or give off lateral branches, 
so that the whole, with some intercalated ones, assume there a 
uniform size.’’ Septa, as shown in an imperfect specimen, ob- 
scure, simple, and provided with at least two lateral lobes which 
are but obscurely divided. Siphonal lobe not prominent, and 
has two short terminal divisions. Other details are entirely 
wanting. Length, thirty-eight mm.; height, thirty mm.; con- 
yexity, fourteen mm. 

This species occurs moderately abundant in the Septaria hori- 
zon of the Fort Benton group in the outcrops on the White Rock 
in Jewell county, and in similar ones on the Saline river. 


Scaphites ventricosus M. & H. Pi. ctv, figs. 8-10. 


Scaphites ventricosus M. & H., 1862, Proc. Acad. Nat. Sci. Phil., p. 22; 
Meek, 1876, U. S. Geol. Sury. Terr., vol. 1x, p. 435, pl. vi, ff. 7a, b, and 
8a, b; Stanton, 1892, Bull. U. S. Geol. Surv. No. 106, p. 186, pl. xxiv, ff. 
8-10; pl. xxv, f. 1. 

Revised description: ‘‘Shell medium size, ventricose, oval, 
broadly rounded over the periphery; inner turns closely in- 
volute ; deeply embracing, and composing a large portion of the 
entire body; deflected portion very short ; umbilicus very small 
and deep; aperture transversely sublunate or reniform, but 
deeply sinuous, and but slightly disconnected from the inner 
turns on the inner side; surface ornamented with costze that 
pass nearly straight over the periphery, where they are of 
uniform size, excepting their gradual enlargement with the 
yolutions, while on the sides of the last or outer vyolution, about 
every fifth or sixth one is larger and more prominent than the 
intermediate ones, which latter do not extend inward to the 
umbilical margin. The septa are provided with deeply divided 
lobes or sinuse Siphonal lobe longer than wide, and bearing 
on each side its very slender body three branches, the two 
terminal of which are slightly larger than the succeeding lateral 
ones, and each unequally bifid and digitate; first lateral sinus 
as large as the siphonal lobe, very narrow at its base, and pro- 
foundly divided at its extremity into two unequal branches, of 
which the one on the siphonal side is larger than the other, 
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and, like the latter, deeply bifid, with sinuous and deeply digi- 
tate margins; first lateral lobe as wide as the siphonal lobe, but 
somewhat shorter, and provided with two nearly equal, bifur- 
cating and digitate terminal branches ; second lateral sinus not 
more than half as long and little more than half as wide as the 
first, and somewhat similarly divided and subdivided ; second 
lateral lobe about half as long and wide as the first, but tripar- 
tite at the extremity, the divisions being nearly equal and 
digitate ; third lateral sinus small and merely provided with 
two nearly equal terminal branches, with more or less sinuous 
margins; third lateral lobe hardly more than half as large as 
the second, and bearing two very short terminal divisions. 
Between the last-mentioned lobe and the umbilicus there is a 
minute, trigitate lobe, very similar to the auxiliary lobe of the 
third lateral sinus, but smaller. Length, eighty mm.; height, 
sixty-nine mm.; convexity, forty-eight mm.’’ 

Specimens belonging to this species occur somewhat abun- 
dantly in the shales of the Septaria division of the Fort Benton 
Cretaceous. They have been found in the upper Blue Hills 
shales in the vicinity of Williams’ Butte and in similar out- 
crops on the Smoky Hill river. 


Scaphites mullananus M. & H. Plate cv, figs. 2-4. 


Ammonites mullananus M. & H., 1862, Proc. Acad. Nat. Sci. Phil., p. 63. 


2 Ammonites mullananus Meek, 1876, U.S. Geol. Surv. Terr., vol. 1x, p. 607, 
pl. vii, ff. la-c. 


Scaphites mullananus Stanton, 1892, Bull. U. S. Geol. Surv. No. 106, p. 187, 
pl. xiv, ff. 2-4. 

Description : ‘‘ Shell compressed subglobose ; rounded on the 
border ; umbilicus small, deep, and acutely conical, between one- 
third and one-half as wide as the breadth of the outer whorl 
from the dorsal to the ventral side, showing about one-third of 
each inner yolution. Whorls increasing rather rapidly in size, 
particularly in convexity, sloping on each side from near the 
umbilicus toward the periphery, and rounding abruptly into 
the umbilicus on the inner side, each of those within deeply 
embraced by the succeeding turn. Aperture transversely reni- 
form or sublunate. Surface ornamented by rather small, regu- 
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lar, rounded costz, which pass nearly straight across the sides 
of the whorls, and arch slightly forward in crossing over the 
periphery on which from thirty-six to forty of them may be 
counted to every turn; each of those commencing at the um- 
bilicus, usually there a little enlarged, especially on the larger 
whorls, so as to form a small subnodose prominence. Beyond 
these they all bifurcate regularly once, near the middle of each 
side, and on the larger turns others are also intercalated between 
so as to make the number on the peripheral side five or six times 
as great as at the umbilicus. The septa are rather crowded, 
and provided with branched and deeply sinuous lobes and 
branches. The siphonal lobe is about one-fourth longer than 
wide, nearly obovate in form, and ornamented with three prin- 
cipal branches on each side, the two terminal of which are 
larger than the others, and each provided on the outer side 
with two or three more or less digitate terminal branchlets, 
while the inner parallel margins are merely sharply serrated. 
The first lateral sinus is of about the same size as the si- 
phonal lobe, a little oblique, nearly oblong in form, and di- 
vided at the extremity into two tripartite and obtusely digitate 
branches, of which the one on the outer side is larger than 
the other; behind these it is provided on each side with two 
alternating lateral branches with sinuous margins. The first 
lateral lobe is narrower and shorter than the siphonal lobe, 
and provided with two principal branches on each side, the 
two terminal of which are much larger than the others and 
of unequal size, the one on the right or peripheral side being 
the larger. Both of these terminal branches are distinctly 
bipartite, the subdivisions being ornamented with several 
branchlets and digitations. The second lateral sinus is about 
half as wide and nearly two-thirds as long as the first, more 
or less oblique, and rather deeply divided at the extremity 
into two subequal, bifurcating and obtusely digitate terminal 
branches. The second lateral lobe is as long as the second 
lateral sinus, but a little narrower, and ornamented with three 
variously digitate terminal branches, the middle one of which 
is longer than the others, a little oblique, and not exactly cen- 
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tral. The third lateral lobe is small, being less than half as 
long and scarcely two-thirds as wide as the second lateral, and 
provided with three nearly equal spreading digitate terminal 
branches. Between the third lateral lobe and the umbilical 
margin there are two other small, very unequal, lateral lobes, 
the first of which has two or three digitations on each side, 
while the second is nearly simple or but slightly sinuous on the 
margins.’’ 

This form occurs associated with Scaphites warrenii in the 
Blue Hills shales of the Fort Benton formation. It is found in 
the outcrops in the vicinity of the White Rock river, in Jewell 
county, northeast of Mankato. 


Belemniteltla baculus, u. sp. Plate cx, fig. 2. 


Description: Guard cylindrical, expanding gradually toward 
the pro-ostracum, and coming to a point at the inferior or 
guard end. Vascular markings moderately well defined; shell 
substance thin and marked by parallel lines of growth, curving 
spirally toward the pro-ostacum. Phragmocone tapering, with 
a gradually widening superior flange. Length of specimen, 140 
mm.; greatest breadth of alveolar cavity, 15 mm. 

Specimen was found imbedded in the Fort Benton limestone, 
and so crystallized as to make its description and determination 
difficult. Specimen appears to be closely allied to Belemnitella 
bulbosa M. & H., but is much larger, and more conical in form 
than their type. Species is very abundant in the lower strata 
of the Fort Benton limestone. 
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THE NIOBRARA FAUNA. 


The Niobrara species are numerous and varied. They repre- 
sent forms ranging in size from the microscopic rhizopod to 
the large bivalve mollusk, the Radiolites. Species belonging to 
six of the invertebrate subkingdoms are found. These are rep- 
resented by about twelve genera and more than thirty species. 

In the lower horizon, that of the Fort Hays limestone, fossils 
are not abundant, especially in the lowermost beds. Those 
forms found are Ostree and Inocerami, and these occur for the 
most part in the upper portion of the formation. The lower 
Ornithostoma beds, and possibly the upper Fort Hays, contain 
the large Radiolites, which are usually found in colonies. There 
are also the immense Haploscaphe, with their adhering forms of 
Ostrea congesta, and the broad, flat Inocerami, measuring three 
or four feet in height. Numerous other species of Inocerami, 
much smaller, are also abundant, while the Uintacrinide, with 
their ball-like bodies and long-tentacled arms, occur more rarely. 

In the Hesperornis beds Ostrez occur, but are not particularly 
abundant. Crustaceans are represented to the extent of at least © 
two genera and twice as many species. These belong to the 
small cirriped type, and are not abundant. Inocerami repre- 
senting still smaller species than those in the lower beds are the 
most abundant types of this horizon. The chalk of which these 
beds are formed is chiefly composed of protozoa and coccoliths. 

It is more than probable that in time a much larger list of 
invertebrate forms will be found in the Niobrara beds of Kansas, 
since, as yet, but little systematic collecting has been done. But 
since, as yet, the Colorado formation has not been separated into 
faunal divisions corresponding to its stratigraphical divisions by 
the American invetebrate paleontologists, but has had its faunas 
grouped as a whole, it is impossible to say what part of the 
already described species belongs to the Niobrara division, or 
what ones are likely to be found in our Kansas fields. 
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Outline Classification of Niobrara Species. 


PROTOZOA. 


Rhizopoda. 
Foraminifera. 
Vitro-calcarea. 
Globigerinide. 
Textularide. 


CG@LENTERATA. 


Porifera. | 
Spongie. : 
Silicispongie. 


ECHINODERMATA, 


Crinoidea. 
Uintacrinide. 
Uintacrinus. 
Uintacrinus socialis. 


VERMES. 


Serpulide. 
Serpula. é 
Serpula intrica. 
Serpula tenuicarinata. 


MOLLUSCA. 


Pelecypoda. 
Ostreide. 
Ostrea. 
Ostrea congesta. 
Ostrea larva. 
Aviculide. 
Inoceramus. 
Inoceramus flaccidus. 
Inoceramus deformis. 


Inoceramus. f a 
Inoceramus simpsonili. 
Inoceramus pennatus. 


Inoceramus subtriangulatus. 


Inoceramus brownii. 
Inoceramus concentricus. 
Inoceramus platinus. 
Inoceramus fragilis. 
Haploscapha. i 
Haploscapha grandis. 
Haploscapha eccentrica. 
Haploscapha niobrarensis. 
Rudiste. 
Radiolites. : 
Radiolites maximus. 
Pholadide. 
Parapholas. 
Parapholas sphenoideus, 
Cephalopoda. 
Decapoda. 
Teuthide. 
Tusoteuthis. 
Tusoteuthis longus. 


ARTHROPODA. 


Crustacea. 
Cirripide. 

Stramentum. 
Stramentum haworthii.. 
Stramentum tabulatum. 

Squama. ’ 
Squama spissa. 
Squama lata. 


481 


Description of Species in the Niobrara Formation. 


PROTOZOA. 
For descriptions and figures of the Protozoa, see Part vit. 


CQALENTERATA. 
Sponge spicules occur in the chalk of the Ornithostoma beds, 
showing the presence of members of this class in the Niobrara 
seas of Kansas. See Part vi. 


ECHINODERMATA. 
Uintacrinus socialis Grinnell. Plates Lxxi, Cx1I, CXIII. 


Uintacrinus socialis Grinnell, 1876, Am. Jour. Sci., vol. x11, p. 81; Meek, 
1876, Bull. U. S. Geol. Surv. Terr., vol. 11, p. 375; Clark, 1893, Bull. U.S. 
Geol. No. 97, p. 21, pl. 1, ff. la—c, and pl. 11, ff. la-e; Williston and Hill, 1894, 
Kans. Univ. Quart., 111, 19; Bather, 1895, Proc. Zool. Soc. Lond., pp. 974— 
1004, pls. LIv—Lv1. 


Reyised description: ‘‘ Body subglobose, with ten long radi- 
ating arms; basal plate small pentagonal, surrounded by five 
subradial, quadrangular plates. The six plates (one basal and 
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five subradial ) present a stellate appearance, and form an area 
not much greater in extent than the first radial plate. There 
are three radial plates, varying in size and shape, either pen- 
tagonal, hexagonal, or heptagonal. Of these three radial plates 
the third or superior seems always the largest and most regular 
in outline. It is heptagonal in form, with its two longest sides 
sloping downward from the superior angle. The second radial 
is about equal in size to the first. All are wider than high. 
The third radial bears on its superior sloping sides in immedi- 
ate succession five secondary radials, irregularly pentagonal, or 
hexagonal in shape, and all wider than high. The fifth of 
these approaches in shape the proximal armpiece, to which it 
gives immediate support. 

‘¢The arm pieces are thin and horizontally compressed from 
without inward, their shape being subelliptical. The arms 
give support to delicate pinnule or tentacles throughout their 
entire length. The articulate surfaces of the arm pieces present 
a radiate structure. There is also on the inner side of each 
arm piece a depression, the radial furrow, which gives to the 
plates a subcrescentoid shape. The arm pieces decrease in size 
toward the end of the arm. The interradial arms are irregular 
in shape, somewhat contracted near the middle, becoming 
wider above and below. They consist of about sixteen plates, 
large, irregular, and varying widely in size, and of many 
smaller ones, which gradually diminish in size to the apex, 
forming a short arm. The arrangement of the interradial 
plates varies, but in some specimens the order-is as follows: 
Commencing below, opposite the first radial, is a single plate ; 
next above, in line with the second radial, are two; and three 
opposite the third. Succeeding these, and lying between the 
first of the second radials, is a single, wide, octagonal plate, 
and above this eight others, somewhat irregular, extending up 
in pairs between the fifth secondary radials. Immediately 
above these eight follow the smaller plates, diminishing rapidly 
in size until the apex of the short interradial arm is reached. 
A very small quadrangular plate is inserted between the first 


Logan. | The Invertebrates, Niobrara Group. 483 


and second radials, and the interradial plates, which are oppo- 
site these. This arrangement is not constant. 

‘The interaxillary plates vary also with regard to shape and 
arrangement. In the axillary area of one specimen three pen- 
tagonal plates are succeeded above by three pairs of smaller 
plates of various shapes; these followed, each, by two branches 
composed of still smaller plates. In another axillary area of 
the same specimen one pentagonal plate is succeeded above by 
two heptagonal ones, which are in turn succeeded by three pairs 
of smaller plates of variable shapes; these each being followed 
by two branches of smaller plates.’’ 

Two large slabs of crinoidal limestone in the University col- 
lection are almost wholly covered with Uintacrinus socialis. The 
adhering forms on one of these slabs are evidently of adult size ; 
on the other slab are a few individuals approaching adult size, 
all the others being but one-fourth that size. It was thought 
that two species are represented in these two slabs, but a care- 
ful examination failed to reveal any specific differences except 
in the matter of size. It is remarkable that there should be 
such a uniformity of size among all the individuals of one slab. 

The limestone to which these two forms adhere is composed 
almost entirely of the plates of this crinoid, the plates being 
cemented together by a calcareous matrix. Nearly all of the 
larger individuals present the lateral surface. This condition 
is probably due to the stronger arms of the adult causing the 
crinoid as it lay on the sea floor to be crushed laterally instead 
of vertically. The fragile condition of the arms of the young 
individual allowed it to be crushed vertically as it lay on its 
ventral side. Specimens of Uintacrinus socialis are rare in the 
Kansas fields. The specimens in the University collection were 
collected from the lower part of the Hesperornis beds. 
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VERMES. 
? Serpula tenwicarinata M.& H. Plate txxxv1, fig. 4. 


? Serpula tenuicarinatus M. & H., 1857, Proc. Acad. Nat. Sci. Phil., p. 134; 
Meek, 1876, U. S. Geol. Surv. Terr., vol. 1x, p. 507, pl. v1, f. 1. 


? penpula, eenuicarinata, Stanton, 1893, Bull. U.S. Geol. Surv. No. 106, p. 53, 

jo amy eg OE 

Revised description: ‘‘Tubes growing in groups, or rarely 
single, nearly cylindrical, increasing very gradually in size, 
irregularly curved, but apparently never spirally coiled, attached 
by the under side throughout most of the entire length, upper 
side having a distinct, rather sharply elevated, flexuous, longi- 
tudinal carina; surface smooth; carina sometimes wavy. 

‘‘ Length of species unknown; length of longest fragment, 
fifteen mm.; average transverse diameter, less than two mm. 

‘‘As entire specimens of this species have not been seen it is 
somewhat doubtfully referred to this genus.’’ 

The University specimens consist of a fragmentary mass of 
these forms attached to a portion of a shell of a large [noceramus 
collected by the writer from the Ornithostoma beds in the Nio- 
brara area of Jewell county. 


Serpula intrica White. Plate co, fig. 1. 


Serpula intrica White, 1876, U. 8. Geol. and Geog. Surv. Terr. West 100th 
Mer., vol. Iv, p. 205, pl. xv, f. 5a; Stanton, 1893, Bull. U.S. Geol. Surv., p. 
SB [yal tig lle 

Original description: ‘‘Tubes small, slender, cylindrical, 
smooth, very long and very tortuous, not perceptibly increasing 
in size, so far as our examples show, but neither the distal nor 
proximal extremity of the tube has been found unbroken. Diam- 
eter of the tube a little more than one mm. This species is re- 
markable for the great length and uniform size of the tubes and 
for the intricacy of their contortion.’’ 

A single coiled specimen attached to the flat surface of a por- 
tion of a large Jnoceramus, and surrounded by small, broken frag- 
ments of tubes, is doubtfully referred to this species. In general 
appearance this specimen resembles S. tenuicarinata, and may - 
belong to that species. The absence of a carina and its coiled 
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condition may be accidental. The specimen was collected from 
the Ornithostoma beds on the Smoky Hill river, south of Gove 
City. 
MOLLUSCA. 
Ostrea (Alectronia) larva Lamarck. 


Ostrea falcata Morton, Syn. Org. Rem. Cret. Group, p. 51, pls. 111, 1x; White, 
1884, 4th Ann. Rep. U.S. Geol. Surv., p. 294, pl. xxxrx, ff. 11, 12, 13. 


Ostrea mesenterica Morton, ibid.; White, ibid. 

Ostrea nasuta Morton, ibid.; White, ibid. 

Ostrea larva Lamarck, A.S. V., vol. vi, p. 216; White, ibid. 

Description: Shell small, narrow, subelliptical in general 
shape, diminishing in size posteriorly ; posterior dorsal margin 
deeply crenate or toothed; anterior ventral margin slightly 
toothed ; exterior of shell in some specimens showing lines of 
growth, in others smooth; interior smooth; beak obliquely 
rounded; umbonal slope abrupt; hinge line short, almost 
straight, placed tangentially to the rounded beak. 

Length, following central line of curvature, thirty mm. ; 
breadth in antero-central region, ten mm.; height of longest 
tooth, five mm. 

The margins of the two shells when they are fitted together 
form a zigzag line. This line diminishes in the length of its 
excursions from a central line as each end of the shell is ap- 
proached. The distance between the lines of the excursions 
remains nearly constant. All of the varieties represented by 
Doctor White’s figures in the Fourth Annual Report of the 
United States Geological Survey are represented in the Univer- 
sity collection. These forms represent Morton’s three varieties 
— falcata, mesenterica, and nasuta. 

Ostrea larva occurs in both the Hesperornis and the Rudistes 
beds of the Niobrara Cretaceous, but specimens are not abun- 


dant. 
Inoceramus flaccidus White. Plate xc. 


Inoceramus flaccidus White, 1876, U. 8. Geog. and Geol. Surv. West of the 
100th Mer., vol. tv, p. 187, pl. xvi, ff. la, b; Stanton, 1893, Bull. U.S. 
Geol. Surv. No. 106, p. 80, pl. x11, f. 1. 

Original description: ‘‘ Shell large, irregularly subovate in 


marginal outline, exclusive of the ears; valves subequal, not 
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much inflated ; wing moderately large, well defined at its inner 
side by an auricular furrow; hinge line not very long, nearly 
at right angles with the front of the shell, and only a little ob- 
lique with the axis; a more or less distinct, but somewhat ir- 
regular furrow extending the entire length of the shell from the 
posterior side of the umbo to the postero-basal margin, giving 
each valve an obscurely bilobed appearance ; crenulated face of 
the hinge narrow, crenulations small; umbonal region narrow ; 
beaks prominent, curved forward and inward; test compara- 
tively thin throughout the whole shell; surface having the or- 
dinary concentric lines of growth, and the test is also thrown 
into numerous, rude and irregular concentric undulations. 
Length of the largest example in the collection, about twenty- 
two cm.; greatest breadth, about fifteen cm.’’ 

This species occurs in the lowermost Ornithostoma beds of 
the Niobrara Cretaceous. 


Inoceramus deformis Meek. Plate xctt, fig. 2. 


Inoceramus deformis Meek, 1871, Ann. Rep. U.S. Geol. Surv. Terr. for 
1870, p. 296; White, 1876, U. S. Geol. and Geog. Surv. West 100th Mer., 
vol. Iv, p. 179, pl. xv, ff. la, b; Meek, 1877, U. S. Geol. Surv. Expl. 40th 
Par., vol. 1v, pt. 1, p. 146, pl. xtv, ff. 4, 4a; Stanton, 1893, Bull. U. S. Geol. 
Surv. No. 106; p. 85, pl. xtv, f. 1, pl. xv. ff. 1, 2: 

Haploscapha capax Conrad, 1874, Ann. Rep. U.S. Geol. Surv. Terr. for 
1873, p. 456. 

? Haploscapha deformis White, 1876, U. 8S. Geol. and Geog. Surv. Terr., vol. 
Il, pp. 23, 24, pls. LXviI, LXVII. 

Inoceramus ——? Hall, 1845, Fremont’s Rep. Expl. Rocky Mts., p. 310, 
pl: tv. f. 2: 


Meek’s description: ‘‘Shell attaining rather large size, ob- 
liquely ovate, and rather compressed in young examples, but 
more rounded, gibbous, and irregular, as well as much less ob- 
lique, in adult specimens ; more or less inequivalve, but never 
very decidedly so; posterior and basal margins rounded; the 
latter curving up more gradually and obliquely to the short an- 
terior margin; hinge short and usually not very oblique; beaks 
moderately prominent, and placed between the middle and an- 
terior margin; neither greatly more elevated than the other. 
Surface ornamented with large, strong concentric undulations, 
which are sometimes moderately regular but often very irregu- 
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lar, and generally becoming rather abruptly smaller on the um- 
bones, where their curves indicate the greater obliquity of the 
young shell. Height of a medium-sized specimen, about four 
and fifty-hundredths inches; length of same, four and thirty- 
hundredths inches ; Conve xtbys of right valve, about two and 
fifty-hundredths inches.’ 

This species is found somewhat abundant in the uppermost 
Fort Hays limestone of the Niobrara Cretaceous. Should Hap- 
loscapha be made a subgenus of IJnoceramus, as I have sug- 
gested, the thickness of its test and the depths of its undulations 
would place this species under that subgenus. 


Inoceramus simpsonii Meek. Plate xcvit. 


Inoceramus simpsonii Meek, 1860, Proc. Acad. Nat. Sci. Phil., p. 312; 1876, 
Simpson’s Exp. across Great Basin of Utah, p. 360, pl. 1v; 1877, U. S. 
Geol. Expl. 40th Par., vol. tv, pt. 1, p. 142 ek xt, f. 4; Whitfield, 1880, 
Geol. Black Hills of Dakota, p. 395, pl. VIII, : Stanton, 1893, Bull. U. gS 
Geol. Surv. No. 106, p. 79, pl. x11, fal 

Meek’s description: ‘‘Shell (right valve) attaining a rather 

large size, transversely oval suboblong, gibbous, the greater con- 
vexity being in the antero-central region, cuneate posteriorly ; 
length nearly twice the height; anterior end very short and 
rounded from the beaks; base forming a long, semielliptic 
curve, most prominent near the middle and somewhat straight- 
ened, or even sinuous, posteriorly; hinge long, straight, and 
ranging parallel to the longer axis of the shell; posterior mar- 
gin subtruncated, with a slight backward slope above, and 
forming an oblique curve into the posterior basal margin ; 
beaks depressed so as to extend a little above the hinge line, 
incurved, and placed nearly over the anterior margin. Surface 
ornamented with moderately distinct regular, concentric, undu- 
lations and lines of growth. Length, eight and ten-hundredths 
inches; height, about four and thirty-hundredths inches; con- 
vexity of right valve, nearly two inches.’’ 

This form is found in the Fort Hays limestone of the Nio- 

brara formation. The species is not abundant in the Kansas 
area. 
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Inoceramus pennatus, nu. sp. Plate cxvitt, fig. 2; oxx, 2. 


Description: Shell (right and left valves) oblong ovate, mod- 
erately thin, slightly convex, greatest convexity in central re- 
gion; hinge long (sixty mm.), thicker than shell body; marked 
with transverse grooves two mm. in breadth, upper border of 
grooves bent inward; grooves marked with striations running 
parallel and transverse to the groove; hinge raised and curved 
inward. Interior of shell smooth, showing no marks or undu- 
lations ; exterior covered with adhering forms of Ostrea congesta. 

Length of longer diameter, 150 mm.; height, 75 mm.; great- 
est convexity not more than 10 mm. Type specimen is imbed- 
ded in a matrix of chalk, having valves spread out and open, 
somewhat resembling wings. Both valves taken together some- 
what resembling a leaf in general outline, the hinge correspond- 
ing to the midrib and stem. 

In general form, Jnoceramus pennatus does not resemble any 
of the other species belonging to this genus. In thickness of 
test it resembles Jnoceramus deformis, but differs from that spe- 
cies materially in other respects, as will be seen by a comparison 
of their descriptions. 

This is common in the upper horizon of the Pteranodon beds, 
fragments being found in many places, but on account of the 
fragile nature of the shell whole specimens are difficult to obtain. 


Inoceramus subtriangulatus, 0. sp. Plate cxx, fig. 1. 


Shell (left valve) large, subtriangular, slightly convex, fi- 
brous, greatest convexity in the antero-central region; hinge 
long, straight, composed of columnar fibers and crossed trans- 
versely by costze ; length of hinge in type specimen, eighty mm. 
Interior of shell smooth, ornamented with scarcely visible con- 
centric lines or strie. Length of longitudinal axis, 200 mm. ; 
height of shell, 120mm. Anterior lateral margin forming an 
angle with the longer axis of the shell equal to the hinge angle. 
Posterior margin curved, oval in outline. A single left valve 
(the type specimen) is imbedded in a matrix of chalk, from 
which, owing to the fragile condition of the shell, it cannot be 
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removed without endangering the specimen. For this reason 
I have not been able to determine the general character of the 
exterior of the shell. From the smooth condition of the in- 
terior, it seems there are no ridges or undulations such as mark 
a majority of the species of this genus. Aside from the condi- 
tion of the hinge and this apparent lack of ridges and the 
almost total want of convexity, it most closely resembles Ino- 
ceramus deformis, but has not the thickness of test of that species. 

The above specimen was collected from the upper chalk beds 
(Hesperornis beds) of Gove county. Fragments of the shell, 
especially of the hinge, are abundant in these beds, but whole 
specimens are rare. 


Inoceramus brownii Cragin. 
Inoceramus brownii Cragin, Cont. to the Paleontology of the Plains, Bull. 
Washb. Coll. Lab. Nat. Hist., 1889. 

Original description: ‘‘Shell large, fibrous, equivalve, in- 
equilateral, short, broad, elevated, and concentrically ribbed 
and striate; valves boat-shaped, or unevenly pear-shaped in 
exterior view, posteriorly shouldered, depressed on the summit 
of the umbonal region ; beaks obtuse, incurved, closely approxi- 
mated, their cavity capacious, hinge line more or less angulated 
between the beaks, provided with numerous transverse cartilage 
grooves ; interior of shell bearing, on the distal part of the um- 
bonal cavity (in the right valve at least), several large, com- 
pressed teeth; ribs of the shell six or eight on each valve, 
prominent rounded, broadening from their origins toward the 
convexities of the valves, more or less folded, grooved, and 
striated in the direction of their course. 

‘‘Dimensions: Height, eight and one-half inches; breadth 
(distance between greatest exterior convexities of valve), eight 
inches; approximate length (greatest anterio-posterior diame- 
ter measured parallel to hinge line), six inches; thickness, 
mostly thirteen-hundredths to twenty-five hundredths, of an 
inch. The exterior of the type specimen is more or less studded 
with the inferior valves of Ostrea congesta, but much less thickly 
than is usual with the common, large Inocerami of the Niobrara. 
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A considerable fragment of a younger specimen is free from 
them. Believing that ‘he is a thoroughly good naturalist who 
knows his own parish,’ and in recognition of the valuable aid 
rendered me in my studies of the geology of Kansas by his care- 
ful work in the stratigraphy of his district, | have named this 
shell in honor of its collector, Benjamin Brown, Esq., late of 
Knebworth, England, who discovered it in the Fort Hays lime- 
stone, at some ten to twenty feet above the base of the latter, 
at a locality known as Devil’s Gap, near the post-office of Top- 
ley, in Osborne county, Kansas. 

‘‘The woodcut of Inoceramus culvert given in Mantell’s ‘‘ Med- 
als of Creation’’ (p. 408) strongly recalls the present shell, but 
descriptions of the former seem to forbid reference of the latter 
tovitee: 

It is a fact much to be regretted that no illustrations of this 
specimen accompanied the above description. Especially as, to 
my knowledge, none other of the Kansas collections contain 
specimens of this species; consequently it is not within the 
power of the writer to figure it. On account of its large size, 
fibrous structure, and the fact that it occurs in comparatively 
durable limestone, there is little probability of many good speci- 
mens of this species being obtained by collectors. 


Inoceramus concentricus, 0. sp. Plate cxvti, fig. 1. 


Description: Shell semicircular, medium sized, almost flat, 
slightly convex in anterior region ; hinge not prominent, curved, 
umbonal region showing moderate depression; beaks rounded 
obtusely ; interior of valve smooth, not marked ; exterior surface 
ornamented with concentric, prominent ridges, terminating near 
beaks; ridges of surface rounded, smooth, marginal border of 
last one marked by parallel lines of growth. Shell body mod- 
erately thick, increasing slightly in thickness from central region 
toward border. 

Len&th of longitudinal axis, 160 mm.; height, 80 mm.; 
thickness, 4 mm. at margin, much thinner at greatest con- 
vexity. Shell found with Ostrea congesta attached to it by their 
lower valves. 
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This description is made from two incomplete specimens col- 
lected from the Niobrara outcrops north of Ellis, in Ellis county. 
It occurs in the lowermost horizon of the Pteranodon beds, 
where it occurs associated with J. platinus and I. truncatus. 

There exists a striking similarity between this species and the 
description of Inoceramus brownii described by Professor Cragin, 
and it may be that the form just described is a synonym of the 
latter. But there are certain points of difference, such as the 
absence of transverse grooves on the hinge line, and compressed 
teeth on the distal portion of the umbonal cavity in the former. 
As no figure accompanied Professor Cragin’s description of J. 
brownii, I am unable to decide definitely as to whether they are 
Synonyms or not. The two forms occur in different horizons, 
Inoceramus concentricus occurring in the Pteranodon horizon, and 
I. brownii occurring in the Fort Hays limestone horizon. 


Inoceramus platinus, n. sp. Plate cxvi. 


Description: Shell large, thin, flat, oblong oval; hinge mar- 
gin long, straight, smooth, marked by shallow pits or undula- 
tions, not concentric, and not regular as in Jnoceramus concentricus. 
Body of the shell is thin, and increases but slightly in thickness 
toward the hinge. Shell substance fibrous and the surface some- 
what striated, striations giving a banded appearance to the shell 
in some specimens. Umbonal region slightly depressed ; cavity 
broad, shallow. Length of longer diameter of adult specimen, 
from three to four feet; height, from one and one-half to two 
feet. 

Fragments of this shell are numerous throughout the Ornith- 
ostoma beds, but on account of the extreme fragility of the 
shell whole specimens are difficult to obtain. I have described 
the species as seen in the field and from fragments collected for 
the University collection. I have often found adult specimens 
of this shell exposed by the weathering of the chalk, but, upon 
attempting to remove them with the means at hand, they would 
be broken up into so many fragments as to make restoration 
next to impossible. Two large fragments of this shell in the 
University collection measure more than eighteen inches in 
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longest diameter. The shell is sometimes free from adhering 
form, but usually has Ostrea congesta attached. 

These forms are abundant in all the exposures of the Or- 
nithostoma beds which I have visited in the state. Next to 
Ostrea congesta, they are the most abundant forms in the Nio- 
brara Cretaceous of Kansas. 


Inoceramus truncatus, nu. sp. Plate cxtv. 


Description: Shell large, somewhat cordate in outline, thick, 
moderately convex, convexity in antero-central region; hinge 
long, straight, formed by reflex fold of shell, not marked, smooth, 
anterior lateral margin forming a lobe. Shell smooth, marked 
by small pits on the exterior surface, probably made by some 
burrowing animal; interior of shell smooth, marked by a promi- 
nent groove near the margin; exterior surface marked by broad 
undulations running parallel with the longitudinal axis; pos- 
terior margin truncated, but having a rounded lobe in the cen- 
tral portion of the truncated region. Thickness of shell in 
central region from eight to twelve mm., gradually decreasing 
in thickness as the margin is reached. Length of longer axis 
in adult, three feet; height, from one to one and one-half feet. 

The adult specimens of this species are difficult to obtain, but 
young specimens are obtained more easily. In describing this 
species, I have used adult specimens as seen in the field and a 
young individual collected from the Niobrara outcrops on the 
Saline river, north of Ellis. This form, like Jnoceramus platinus, 
which it most nearly resembles, is very abundant in the 
Ornithostoma area of Kansas, in Jewell, Phillips, Gove, Trego 
and Ellis counties. This species is comparatively free from 
adhering forms, but Serpula tenuicarinata is often found attached 
to it. 

Haploscapha grandis Conrad. Plate xciv. 


Haploscapha grandis Conrad, 1875, U. S. Geol. Surv. Terr., vol. 11, p. 23, 
pl. LxvI. 
Original description : ‘‘ Shell subovate or subtriangular, hinge 
long and straight, edentulous, oblique; curved, prominent 
ridges occupy the upper portion of the interior, the ridges be- 
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ginning and ending at a distance from the margins of the shell ; 
a singular twisted callus composes the hinge, the back of which 
is transversely ribbed. 

‘‘Length greater than height; hinge line very long; ridges 
concentric, about twelve in number, extending into the cavity 
under the hinge, submargin thick ; test composed of columnar 
transverse fibers. No muscular impression can be traced unless 
the ridges indicate their station. The posterior side of the shell 
is slightly elongated. The exterior of the shell, and in many 
specimens the interior, covered with Ostrea congesta.’’ 

Stanton” has made H. grandis, H. capax and H. eccentricca 
synonymous with Jnoceramus deformis. The test of I. deformis 
is much thinner than that of H. grandis; the shell is more con- 
vex ; the ridges more acute ; the marginal border narrower ; the 
side more triangular. So, after a careful examination of many 
specimens, including both adult and young, I decided to return 
to Conrad’s classification. I am inclined to think, however, 
that Haploscapha is better as a subgenus under IJnoceramus. 
Should such a classification as I have suggested be made, then 
I. deformis would properly belong to that subgenus, as it corre- 
sponds more nearly to the form of Haploscapha in general char- 
acteristics. 

I. deformis occurs near the upper surface of the Fort Hays 
limestone, but I have never found it in a higher horizon. The 
different forms of Haploscapha occur in the lowermost Ornitho- 
stoma beds, and are abundant in this horizon throughout the 
Niobrara area. They are especially abundant a few miles south 
of Castle Rock, in Trego county ; on the Saline river a few miles 
north of Ellis, in Ellis county, and near Marvin, in. Phillips 
county. 


Haploscapha niobrarensis, nu. sp. Plate oxvi, fig. 2. 


Description: Shell large, subtriangular, hinge line short; test 
thick in both young and adult specimens, convex— convexity 
greater than in any of the other species. Ridges broadly 
rounded, passing into a smooth margin gradually. Smaller 
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than H. grandis or H. eccentrica; margin narrower than in the 
latter. The internal undulations or ridges are more prominent 
in the young individuals. 

The young of this species seem to have nearly twice the thick- 
ness of test as the young of the same size belonging to the other 
species. This form occurs like the other species of this genus 
in the lowermost Ornithostoma beds of Trego, Gove and Logan 
counties. 

Haploscapha eccentrica Conrad. Plate xctt. 


Haploscapha eccentrica Conrad, 1875, U.S. Geol. Surv. Terr., vol. 11, p. 24, 
pl. LXvII. 


Revised description: ‘‘Shell subovate, dorsal side straight, 
hinge line thick, and shorter than in H. grandis. Concentric 
ridges not as well marked, and less numerous. Outer smooth 
margin showing a well-marked sinus. Cavity more profound. 
Ridges passing more gradually into the margin, not ending so 
abruptly as in H. grandis. Hood, two and one-half inches in 
length; length of shell, nine inches; height of valve, ten 
inches.’’ #. eccentrica was placed under the subgenus Cuculli- 
fera by Conrad, but I doubt if it has sufficient generic distinc- 
tions to warrant such a classification. There is little doubt, 
however, that it is a species distinct from H. grandis, with 
which it is associated in the Ornithostoma beds. 


Radiolites maximus, n.sp. Plate cxy; also, cxrx, fig. 1. 


Shell inversely conical; lower valve three to four feet in 
height; outer surface marked by parallel longitudinal ridges 
composed of overlapping plates. Inner surface smooth, show- 
ing striations formed by intersection of plates and prisms. 
Valve composed of circular plates placed one upon the other; 
plates composed of prisms filled with calcareous matter. Up- 
per extremety of lower valve resembling a flange bent upward 
and outward. 

Diameter of lower valve at top, 250 mm.; thickness of outer 
layer of shell, 75 mm. Prismatic layers of shell ornamented 
with branching ridges upon the upper surface, with a corre- 
sponding depression on the under surface. 
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Although sometimes found singly, they are more often found 
in groups. Adults often found with young attached to them by 
their lower valves. Type specimens are adult forms united by 
their entire lengths; one of the specimens having three young 
ones attached to it near its upper extremity by their lower 
valves. 

Specimens of this mollusk were first observed by Doctor Wil- 
liston in 1874 on the Saline river; however, nothing but small 
fragments were secured for the University collection until the 
past summer, when a few specimens of a large lower valve were 
obtained from Mr. M. R. Watson, of McCracken. A fragment 
of another specimen was collected by Doctor Williston from 
Niobrara outcrops on the Saline river in Ellis county. Other 
forms belonging to the same species have been collected by Mr. 
Allen, of Hays City. One of the specimens collected by Mr. 
Watson has Ostrea congesta adhering to the inner surface of the 
valve. All other forms which I have seen were free from ad- 
hering forms. 

Radiolites are not abundant in the Kansas fields. They oc- 
cur at the base of the Ornithostoma beds just above the Fort 
Hays limestone, and possibly in the upper surface of that for- 
mation. None have been reported except from the south-cen- 
tral portion of the Niobrara area in Trego, Gove and Ellis 
counties. Collectors in looking for these shells will find it to 
their advantage to follow the line of contact of the Fort Hays 
limestone with the Ornithostoma beds. 


Parapholas sphenoideus White. Plate xcrx, fig. 12. 


Turnus sphenoideus White, 1876, Geol. Uinta Mts., p. 117. 
Parapholas sphenoideus White, 1879, Ann. Rep. U.S. Geol. Surv. for 1877, 


p- 300, pl. v, ff. la-d; Stanton, 1893, Bull. U. S. Geol. Surv. No. 106, 

pp dS Tiipee-qagi 1h J Oy 
Revised description: ‘‘Shell elongate, cuneate, inflated in 
front, narrowed and laterally compressed behind; beaks ante- 
rior, incuryed, adjacent; dorsal margins of the valves straight 
and sloping from the beaks to the posterior end, capped or con- 
nected by a slender, styliform, plain accessory plate ; posterior 
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extremity small, truncated, or narrowly rounded ; basal margins 
nearly straight, connected by a ventral accessory plate similar 
to the dorsal one, except that it is shorter, broadest behind, but 
coming to a slender point in front about midlength the shell, 
longitudinally divided by a linear groove; front regularly 
rounded both vertically and laterally ; anterior gape consisting 
of a narrow vertical slit, which occupies the middle of a some- 
what prominent projection at the antero-basal portion of the 
shell, which projection has the shape of a Norman shield, as 
seen by front view when both valves are in their natural posi- 
tion, and which seems to have been occupied by a much wider 
gape in the younger than in the adult condition of the shell ; 
both umbonal grooves distinct, both upon the outer surface and 
upon that of the stony cast; anterior grooves broader and deeper 
than the other, but both are slender; besides the two umbonal 
grooves there is another somewhat broader groove or furrow, 
extending with a broad downward curve from the posterior side 
of the beak to the posterior end of the shell. This groove, like 
the others, is distinctly traceable upon the outer surface, but is 
more distinctly seen upon the stony cast. A broad, subcircular, 
cake-like umbonal accessory valve covers the beaks and the 
space between them, the valve being divided by a suture into 
two nearly semicircular pieces so neatly that it is hardly per- 
ceptible until the valves are slightly displaced. The margins of 
the principal valves between the beaks and the Norman-shield- 
shaped projection are narrowly but abruptly averted, which, 
with the beaks above and the borders of the projection below, 
bound a distinctly hollow space each side and below each beak. 
Besides the grooves before mentioned, the surface is marked by 
fine concentric, distinctly raised lines on each side of the shell, 
but they are less distinct upon the surface of the Norman-shield- 
shaped projection than elsewhere. Between the posterior 
grooves or furrow before mentioned as ending at the posterior 
margin of the shell and the dorsal margin, the surface is occu- 
pied by strong, irregular scales and lamine that were succes- 
sively increased as the shell increased in size. Length, thirteen 
mm.; greatest height, seven mm.; breadth at front, six mm.”’ 
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A piece of fossil wood collected from the Niobrara beds near 
Hays City contains the casts of forms very similar in general 
character to the above-described species. The fossils occur 
either in the uppermost horizon of the Fort Hays limestone or 
in the lowermost horizon of Ornithostoma beds. 


Tusoteuthis, gen. nov. 


Gladius moderately convex, lanceolate, corneous in texture, 
haying greatest breadth centrally; inferior point obtuse, 
rounded, partly covered with a calcareous layer. Striation on 
the surface of the gladius running parallel with the border. 
Midrib at base broad and rounded. Shaft cylindrical, inclosing 
a hollow cone; striations in midrib run parallel with edges. 

The genus seems nearest related to Teuthopsis ( Zittel), but 
differs from that genus in having a lanceolate instead of a 
spatulate gladius, and a thicker, shorter shaft. It differs from 
Phylloteuthis Meek and Hayden, in general shape and in not 
being angular posteriorly asin this genus. 


Tusoteuthis longus, n. sp. Plate cx, fig. 1. 


Endoskeletal corneous portion composed of blade and shaft ; 
blade moderately convex, with a midrib which is broad and 
rounded at the base; inferior point obtuse, rounded, and partly 
coyered with a calcareous layer; striated, with striations run- 
ning parallel with the border; marginal border rounded. 

Shaft cylindrical, inclosing a hollow cone; length of shaft, 
120 mm.; length of form, 520 mm.; maximum breadth, 160 
mm.; diameter of shaft, 25 mm. 

The above genus and species are founded upon a single speci- 
men from the Hesperornis beds of the Niobrara Cretaceous on 
the Smoky Hill river, collected by Mr. Martin. Its discovery 
was referred to by Professor Williston in his report on the Nio- 
brara of Kansas in vol. 11 of the University Geological Survey. 
The form was found imbedded in a matrix of chalk, and had on 
the under side the contents of the ink sac. A part only of the 
shaft was obtained, and a portion of the upper part of the 
gladius near the central region is wanting. 
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Fragments of the shafts of Tusoteuthis longus or allied forms are 
abundant in the Ornithostoma beds, but complete specimens 
are extremely rare. 

ARTHROPODA. 
Stramentum. 


Stramentum Logan, 1897, Kans. Univ. Quart., vi, p. 198. 


Capitulum composed of eight or nine plates; plates of the 
peduncle narrow, with the ends turned down, presenting a 
thatched appearance ; plates each with a groove running longi- 
tudinally. The two known species of this genus are evidently 
from a higher horizon than those of Squama, coming from the 
yellow chalk, the same beds which contain the toothed birds. 


Stramentum haworthii Williston. Plate cx. 
Pollicipes haworthii Williston, 1896, Univ. Geol. Surv., vol. 1, p. 243, pl. 
XXXVI. 
Stramentum haworthii Logan, 1897, Kans. Univ. Quart., vol. v1, No. 4, Oct., 
series A, p. 188. 

Description : Capitulum small, composed of nine plates, viz. : 
Carina, scuta (2), terga (2), lateralia (4) ; height, five mm. ; 
breadth, eight mm. Terga triangular, with the apex point- 
ing toward the base of the capitulum; surface marked by 
striations, moderately indented in the type specimen; height, 
ten mm.; greatest breadth, fourmm. Superior laterals trian- 
gular, with apex rounded; convex, overlapping scuta in the 
single specimen; height, nine mm.; breadth at base, thirteen 
mm. Scuta shorter than the superior laterals, their edges 
slightly rounded; moderately convex; triangular, with the 
apex truncated by a line parallel with the base, which is inclined 
at an angle of thirty degrees toward the base of the capitulum ; 
height, ten mm.; breadth at base,two mm. Carina long, nar- 
row, rounded; height, ten mm.; breadth at base, two mm. 
Peduncle composed of nine rows of plates; plates narrow, one 
mm. in breadth and four mm. in length, with about thirty 
plates in each row; plates turned downward at the end, 
grooved along central line. Height of specimen, twenty-seven 
mm.; height of capitulum, ten mm. ; height of peduncle, seven- 
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teen mm. The type specimen is attached to an Ostrea congesta 
by the extremity of its peduncle. It was discovered by Pro- 
fessor Haworth, and placed provisionally in the genus Pollicipes 
by Professor Williston in the work cited. Its horizon is the 
yellow chalk from the vicinity of Gove City, in Gove county. 


Stramentum tabulatwm Logan. 


Stramentum tabulatum Logan, 1897, Kans. Univ. Quart., vol. v1, No. 4, Oct., 
series A, p. 189. 

Description : Capitulum composed of eight plates, viz.: Terga 
(2), scuta (2), lateralia (4) ; height, five mm.; breadth, seven 
mm. The plates are flat and marked by lines, and the whole 
capitulum is short and pointed. Terga triangular, the longest 
side of the triangle adjoining the carino-lateral, the shortest 
side adjacent the superior lateral; breadth at base, two mm. ; 
height, fivemm. Scuta small, but one-half the size of the terga ; 
triangular, almost equilateral. Carino-lateral long, moderately 
narrow, triangular, the most acute angle at the apex; height 
and breadth about the same as those of the terga. Superior 
laterals small, in the form of an isosceles triangle, and of about 
the same size of the scuta. Peduncle short, rounded, composed 
of six, or possibly seven, rows of plates, with about sixteen 
plates in each row; plates less than one mm. in width, their 
length more than two mm.; turned downward at the ends and 
overlapping in rows. 

Type specimen was collected by Mr. H. T. Martin from the 
Upper Niobrara chalk of the Smoky Hill river. 


Squama. 


Squama Logan, 1897, Kans. Univ. Quart., v1, 187. 


Description: Capitulum composed of from nine to twelve 
plates of medium size and subtriangular ; peduncle short, com- 
posed of seven rows of plates, tapering gradually to near the 
extremity, and ending in a rapidly, almost abruptly, diminish- 
ing reflex area of smaller plates; form adhering to Inoceramus 
by its entire length. 
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Squama spissa Logan. Plate cx, fig. 3. 
peng spissa Logan, 1897, Kans. Univ. Quart., vol. v1, No. 4, Oct., series A, 
p. ‘ 

Description: Capitulum composed of twelve plates, viz. : 
Carina, terga (2), scuta (2), rostrum, subrostrum, subcarina, 
superior laterals (2), and carino-laterals (2). Height of ca- 
pitulum from base to tip, nineteen min.; width (lateral) from 
carina to subrostrum, seventeem mm. Carina long, narrow, 
somewhat shield-shaped, and slightly convex ; length, five mm. ; 
maximum breadth, two mm., overlapping lateral in specimen. 
Terga triangular, with apex pointing toward base of ¢a- 
pitulum, and base somewhat rounded; very slightly convex, 
smooth; length, ten mm.; breadth (maximum), fifteen mm., 
joined closely with laterals in one specimen. Scuta large, 
conyex, in general shape triangular; superior border almost 
straight ; rostral border convex, base smooth, slightly concave ; 
length, ten mm.; maximum breadth, seven mm., adhering 
closely to superior lateral and overlapped by rostrum. Ros- 
trum club-shaped, slightly convex; length, six mm.; breadth, 
two mm.- Subrostrum with the same characteristics as ros- 
trum, except that it is smaller. Carino-laterals long, trian- 
gular, with apex distal, smooth; length, ten mm.; maximum 
breadth, four mm. Superior laterals shorter, three mm.; 
otherwise much the same as carino-laterals. Peduncle short, 
composed of seven rows of plates; plates oblong, narrow, over- 
lapping, short ; maximum breadth, six mm. 

The type specimen was collected from the base of the Or- 
nithostoma beds by the writer, in the northern part of Jewell 
county. A group of these forms were found adhering to a 
fragment of a shell of Inoceramus. 


Squama lata Logan. Plate cx, fig. 4. 


Squama lata Logan, 1897, Kans. Uniy. Quart., vol. v1, No. 4, Oct., series A, 

p. 188. 
Description : Capitulum composed of ten plates, viz.: Carina, 
terga (2), scuta (2), subcarina, superior laterals (2), carino-lat- 
erals (2) ; height, eight mm.; width, sixteenmm. Carina long, 
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narrow, rounded, slightly convex, the surface marked by par- 
allel strie; height, four mm.; breadth, two mm. Terga tri- 
angular, with the base rounded; slightly convex, the surface 
smooth; length, eight mm.; maximum breadth, four mm. 
Scuta large, convex, quadrangular, its superior lateral border 
somewhat rounded; rostral border straight, surface marked ; 
length, eight mm.; maximum breadth, five mm. Carino-lat- 
erals long, triangular in outline, the surface marked by trans- 
verse lines; length, eight mm.; breadth, three mm. Superior 
laterals shorter, resembling the carino-laterals in general shape. 
Peduncle short; its maximum breadth, six mm.; composed of 
seven rows of plates; plates quadrangular, with the upper bor- 
der curved; six or seven larger plates in the upper part of a 
row, succeeded below by about ten very much smaller ones. 
Type specimen adhering to the shell of an Jnoceramus by its en- 
tire length. 

The type specimen was presented by Mr. M. R. Watson, of 
Trego county, and had evidently come from the lowermost beds 
of the Upper Niobrara, probably from the Hesperornis beds. 
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THE FORT PIERRE FAUNA. 


The Fort Pierre area of Kansas has not been productive of a 
very great number or diversity of invertebrate forms. Fossils 
were collected in an early day from a Fort Pierre outcrop on 
Butte creek, by Prof. B. F. Mudge, and, later on, some speci- 
mens were collected from the same locality by Prof. S. W. Wil- 
liston. Fort Pierre fossils were collected also by Judge West, 
Professor Williston and Mr. Cooper from the Fort Pierre shales 
on the North Fork of the Smoky Hill river, near McAllaster, in 
Wallace county. But no very extensive outcrops of the Fort 
Pierre formation occur in Kansas except in Cheyenne county, 
and these outcrops were thought to be barren until recently. In 
the summer of 1895 I collected a few fossils from the Cherry 
creek and Arickaree outcrops, in the northern part of Cheyenne 
county. These fossils were determined through the kindness of 
Mr. T. W. Stanton, of the United States Geological Survey. In 
the summer following, in company with Prof, H. J. Harnley, of 
McPherson, I again visited the Arickaree outcrops, and an out- 
crop in Rawlins county, a few miles north of Atwood, and se- 
cured additional forms. 

The form which occurs most abundantly in the Fort Pierre of 
Kansas is Baculites ovatus; but it is not the most characteristic 
one, as it is also found in the Fox Hills formation. Lucina oc- 
cidentalis, one of its characteristic forms, is abundant in one 
Arickaree horizon. Both of these fossils occur free in the 
shales, as do a few other forms, but many of the Fort Pierre fos- 
sils are imbedded in argillaceous nodules, which are scattered 
throughout the shale beds. 

All told, the Fort Pierre formation in Kansas has furnished 
fifteen species, none of which are new to science. It is more 
than probable that a careful examination of the outcrops in the 
localities above mentioned will reveal many of the hundred or 
more species which have been described from this formation in 
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other states. The following species have already been described 


from the Fort Pierre: 


Hemiaster humphreysiana, 
Ostrea patina, 

O. inornata, 

Gryphea vesicularis, 
TInoceramus sublevis, 
I. proximus, 

. cripsii, 

. incurvus, 

. conyexus, 

. Sagensis, 

altus, 

. balehii, 
Pholadomya hodgei, 
Trigonarca exigua, 
Volsella meekii, 
Yoldia ventricosa, 
Nemodon sulcatinus, 
Nuculana bisulcata, 
N. equilateralis, 

N. obsoletiatriata, 
Nucula planimarginata, 
N. subplana, 
Nuculata subnasuta, 
Pteria fibrosa, 

P. linguiformis, 

P. haydenii, 

P. nebrascensis, 
Anomia subtrigonalis, 
Syncyclonema rigida, 
Chlamys nebrascensis, 
Gervillia subtortuosa, 
Protocardia rara, 
Lucina subundata, 
Veniella subturnida, 
Crassitella evansii, 
Thetis circularis, 
Eriphyla gregaria, 
Callista pellucida, 
Neaera moreauensis, 
Corbulamella gregaria, 
Corbula crassimarginata, 
Callista deweyi, 
Tellina cheyennensis, 
Mactra gracilis, 
Teredo selliformis, 


all oaill onli onli onion! 


Acma parva, 

A. occidentalis, 
Anisomyon alveolus, 

A. patelliformis, 

A. subovatus, 

A. shumardii, 

A. sexsulcatus, 

A. borealis, 

Haninea subcylindrica, 

H. occidentalis, 

Dentalium gracile, 

Entalis paupercula, 
Odontobasis ventricosa, 
Fasciolaria cheyennensis, 
F. flexicostata, 

Anchura sublevis, 

A. para, 

A. nebrascensis, 

Aporrhais biangulata, 
Trachytriton vinculum, 
Margarita nebrascensis, 
Closteriscus tenuilineatus, 
Margaritella flexisticata, 
Vanikoro ambigua, 
Pyrifusus intertextus, 
Amauropsis puludiniformis, 
Actzon attenuata, 
Baculites ovatus, 

B. compressus, 
Ptychoceras mortonii, 
Ancycloceras uncum, 
Heteroceras cheyennense, ~ 
. angulatum, 

. cochleatum, 

. mortonii, 

. tortum, 

. umbilicatum, 
Placenticeras placenta, 
Ammonites complexus, 
Phylloceras hallii, 
Scaphites nodosus, var. brevis, 
S., var. quadangulatus, 

S. nodosus, var. plenus, 
Nautilus dekayii, 

N. dekayi, var. montanensis. 


jaegenigeeyise gee 
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Outline Classification of Fort Pierre Species. 


MOLLUSCA. Gastropoda. 
Aporrhaide. 
Belecyp ode: Anchura. 
Aviculidee. ? Anchura subleyvis. 
Avicula. Cephalopoda. 
Avicula fibrosa. Lytoceratide. 
Inoceramus. Baculites. 
Inoceramus cripsii. Baculites ovatus. 
Inoceramus incurvus. Stephanoceratide. 
Inoceramus sagensis. Scaphites. 
TInoceramus altus. Scaphites nodosus. 
aoe Turrilitide. 
Lucinide. : 
Lucina Heteroceras. 
i ie id li ? Heteroceras cochleatum. 
UC MATOCCIGent ans. ? Heteroceras angulatum. 


Inoceramus cripsii, var. barabina, Morton. Plate crx, fig. 2. 


Inoceramus barabina Morton, 1854, Stn. Org. Rem. 62, pl. xvi, f. 3. 
Inoceramus gibbus Tuomey, 1854, Proc. Acad. Nat. Sci. Phil., viz, 170. 
Inoceramus cuneatus M. & H., 1860, ibid. 181. 

Inoceramus cripsii, var. barabina, Meek, 1876, U. S. Geol. Surv. Terr., vol. 


TX pe 40) OO mp lexi ital amc shanGupl i xtnetaeds 

Meek’s description: ‘‘ Shell transversely ovate, moderately 
gibbous in the anterior and umbonal region and cuneate pos- 
teriorly, very nearly or quite equivalve, rather thin; anterior 
margin descending from the beaks, at first almost at right 
angles to the hinge, after which it gradually curves obliquely 
backward and downward, so as to pass by a graceful sweep into 
the base; posterior side long, compressed and rather regularly 
rounded; hinge long and straight, ventral margin forming 
a broad semiovate curve; beaks nearly terminal or located 
directly over the anterior margin, rather prominent, but rising 
little above the hinge, equal, oblique, somewhat incurved, and 
nearly contiguous. Surface ornamented with moderately dis- 
tinct, more or less regular concentric undulations. Length of 
a large, rather long specimen, three and ninety-hundredths 
inches; height, two and seventy-five hundredths inches; con- 
vexity of both valves, two inches.”’ 

In the summer of 1896, I collected some casts of young indi- 
viduals of this species from shale thrown from a well a few 
miles north of Atwood, in Rawlins county. There are also 
some adult forms in the University collection, which were col- 
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lected by West and labeled Jnoceramus cuneatus, following Meek 
and Hayden’s classification. (See reference above.) The 
specimens collected by West were from the Fort Pierre shales 
near Wallace, on the Nork Fork of the Smoky Hill river. 


Inoceramus ineurvus M. & H. 


Inoceramus incurvus M. & H., 1876, U.S. Geol. Surv. Terr., vol. rx, p. 61, 
pl. xa, ti 4a. b 


Meek’s description: ‘‘Shell subglobose, oval or ovate cardi- 
form, very gibbous, nearly or quite equivalve; beaks oblique, 
placed a little back of the anterior side, strongly incurved ; um- 
bonal elevated above the hinge and points of the beaks and very 
ventricose in both valves. Surface ornamented by concentric 
undulations, which become sharply elevated over the most 
prominent portions ot the umbones, but are less distinct or 
nearly obsolete toward the base and extremities of the shell. 

‘‘ Judging from the curve of the undulations near the beaks, 
young individuals of this species must have been nearly ovate 
in form, the posterior side being broader than the other. At 
this stage of its growth, the shell seems to have been much less 
convex, and the beaks more nearly terminal; but as it advanced 
in age it became rapidly more ventricose and extended some- 
what in front of the beaks. The surface was probably marked 
by lines of growth, but, owing to the exfoliation of the external 
fibrous layer, they are not preserved on our specimens, none of 
which are in a condition to give a very clear idea of its gen- 
eral form. ‘The peculiar and equally incurved character of the 
beaks, together with the ventricose, elevated umbonal region 
and sharply prominent undulations, when taken together, will 


serve to distinguish it from any other species known from these 
rocks.’’ 


A rather incomplete cast of what is evidently a young indi- 
vidual occurring associated with J. cripsii, I somewhat doubt- 
fully refer to this species. The specimen was collected from 
Fort Pierre shales, a few miles northwest of Atwood, in Raw- 
lins county. Fragments of nodules containing similar casts 
were found in the shale thrown from a well a few miles west of 
this locality. 


506 University of Kansas Geological Survey. 


Inoceramus sagensis, var. nebrascensis Owen. Plate crx, fig. 2. 


Inoceramus nebrascensis Owen, 1852, Rep. Minn., Iowa, and Wis., 582, 
pleavanitee teal: 


Inoceramus sagensis Owen, 1852, ibid., pl. vu, f. 3. 
Inoceramus sagensis, var. nebrascensis, Meek, 1876, U. S. Geol. Surv. 


Terr., pl. xiii, ff. 2a, b 

Description: ‘‘Shell large, obliquely broad ovate or subcir- 
cular, moderately gibbous, about as high as long; anterior side 
short, making a very broad oblique curve from the beaks to the 
base; ventral and postero-ventral margins nearly regularly 
rounded ; hinge rather short, forming an angle of about fifty 
degrees with the axis of the umbones; beaks moderately con- 
vex, rising little above the hinge, oblique, scarcely incurved, 
located about one-fifth the horizontal diameter (length) of the 
shell behind the anterior border. Surface ornamented by reg- 
ular, distinct, concentric undulations. Length, about five and 
seventy-hundredths inches; height, five and sixty-hundredths 
inches. These measurements are taken from a medium-sized 
specimen.”’ 

After a comparison of specimens Meek concludes that Inocera- 
mus nebrascensis Owen is but a variety of Inoceramus sagensis 
Owen. The specimen in the University collection was collected 
by Prof. B. F. Mudge, from the Butte creek Fort Pierre shales, 
and is a smaller specimen than that described by Meek. 


Inoceramus altus Meek. Plate cv, fig. 1. 
Inoceramus altus Meek, 1878, Hayden’s Rep. Geol. Surv. Terr., 302; 1876, 
U.S. Geol. Surv. Terr., vol. rx, pl. xrv, ff. la, b 
Meek’s description: ‘‘ Shell attaining a medium size, verti- 
cally or a little obliquely subovate, being in the adult higher 
than long, and widening from the hinge downward, moderately 
convex, equivalve, very inequilateral; hinge very short and 
ranging nearly at right angles to the longer axis in the adult, 
but a little more oblique in young shells; anterior side straight, 
long, and truncated vertically, or nearly at right angles to the 
hinge, immediately in front of the beaks; base regularly 
rounded ; posterior outline forming a broad, somewhat oblique, 
gentle curve from the posterior end of the hinge into the base ; 
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beaks nearly or quite equal, rising little above the hinge line, 
pointed, obliquely incurved, and placed immediately over the 
anterior margin. Surface of cast showing more or less regular, 
rather obscure, concentric undulations, and faint tracing of radi- 
ating markings; the latter probably not being defined on the 
exterior. Height, about six and fifty-hundredths inches ; length, 
about four and ninety-hundredths inches; convexity, two and 
seventy-hundredths inches ; length of hinge, about two and forty- 
hundredths inches.’’ 

A specimen of this species was collected from the Fort Pierre 
shales, a few miles from Atwood, in Rawlins county. The spe- 
cies is not abundant in the Kansas area. 


Lucina occidentalis Morton. Plate cvit, fig. 3. 


Tellina occidentalis Morton, 1842, Journ. Acad. Nat. Sci. Phil., vii1, p. 210, 
Toll, Ra Ie 
Mould of lucina Owen, 1852, Rep. Geol. Sury. Wis., Iowa, and Minn., tab. viz, 
8. 


Lucina occidentalis ? M. & H., 1856, Proc. Acad. Nat. Sci. Phil., virr, 272. 
Lucina occidentalis Meek, 1876, U.S. Geol. Surv. Terr., vol. rx, pl. xvii, 


ff. 4a, b,c, d 

Meek’s description: ‘‘Shell transversely broad oval, rather 
thick, moderately convex; anterior side broadly rounded ; 
basal border semiovate in outline, the most prominent part 
being toward the front; posterior side narrower, and subtrun- 
cated at the extremity, usually having a nearly obsolete flatten- 
ing, extending from the beaks above the umbonal slopes 
obliquely backward and downward to the posterior extremity ; 
dorsal border nearly straight, or faintly sinuous, and declining 
very slightly in front of the beaks, convex, and more obliquely 
sloping behind; beaks depressed, small, and nearly central ; 
lunule lanceolate, small, and shallow, or somewhat excavated. 
Surface ornamented by very distinct, rather regular, concentric 
lines; exfoliated specimens also showing obscure, radiating 
marks on the inner lamine. 

‘‘ Length of a large specimen, one and eighty-five hundredths 
inches; height, one and fifty-eight hundredths inches; con- 
vexity, ninety-three hundredths inch. The hinge of this spe- 
cies shows the two cardinal teeth to be rather small in the 
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right valve, the posterior one being a little larger than the other, 
and faintly emarginate at the extremity. Between these two 
teeth there is a little larger pit, and further back a smaller one 
for the reception of the two cardinal teeth under the beak of 
the left valve. Each valve has one small, obtuse, anterior lat- 
eral tooth, situated some distance in advance of the beaks, with 
apparently very faint traces of a remote posterior lateral in one 
or both valves. The posterior muscular impression is shallow, 
subquadrate in form, and usually bounded in front by a faint 
linear ridge, extending obliquely up toward the beaks. The 
upper part of the anterior muscular impression has the same 
form, while its prolonged portion below is slender, a little arcu- 
ate, rather long, and directed obliquely downward toward the 
middle of the basal margin. Just above this impression of the 
anterior adductor, the small, oval scar of the pedal muscle is 
seen quite detached from it.”’ 

In the summer of 1896 I collected a large number of this 
species from an outcrop of Fort Pierre shales in Cherry creek 
canon, in Cheyenne county, a few miles west of Jackson’s ranch. 
Avicule and Ostrez were found associated with them. The 
horizon in which they occur is probably near the upper horizon 
of the Fort Pierre formation. They have not been found in 
the lower beds of the North Fork of the Smoky Hill river or on 


Butte creek. 
? Anchura subleevis M. & H. 


Aporrhais sublevis M. & H., 1860, Proc. Acad. Nat. Sci. Phil., xm, 178. 

Aporrhais sublevata (misprint) M. & H., 1860, ibid., 428. 

2? Anchura sublevis Meek, 1864, Smiths. Check-List, N. Am. Cret. Foss., 19; 

Meek and Hayden, 1876, U. S. Geol. Surv. Terr., vol. rx, pl. xrx, ff. 3a, b. 

Description: ‘‘ Shell unequally fusiform ; spire elevated ; vo- 
lutions seven or more, convex, and separated by arather distinct, 
though not deep suture, last one convex above and abruptly con- 
tracted below, with a single, small, revolving angle, which 
passes, around to the suture, but is not visible on the succeed- 
ing turns of the spire; surface polished, and marked by mod- 
erately distinct arcuate lines of growth, which are crossed by 
rather obscure revolving lines, nearly equaling the spaces be- 
tween on the spire, but more distant, with sometimes a few 
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indistinct, irregular, very fine, parallel strie between on the 
body whorl; aperture and lip unknown. 

‘‘Length, about fifty-four hundredths inch; breadth of body 
whorl, twenty-six hundredths inch; apical angle, slightly con- 
vex ; divergence, thirty-seven degrees.’’ 

In Meek’s type specimen the lip and apex are wanting; in 
those collected by the writer the spire is entire but the lip is 
wanting. The spire is much as he restored it, but consists of 
two more whorls than is represented in his specimen. I col- 
lected a few imperfect specimens of this species a few miles 
west of Jackson’s ranch, in Cherry Creek cafion, in Cheyenne 
county. They were found associated with Lucina occidentalis, 
and probably occur near the upper limit of the Fort Pierre. 


Baculites ovatus Say. Plate crx, fig. 3. 


Baculites ovatus Say, 1821, Silliman’s Am. Journ. Sci., Phil., v1, 196, pl. v, 
ff. 5,6; and 1830, Am. Journ. Sci. and Arts, xvi, 248, pl. 1, ff. 6, 7,8; also 
1834, Syn. Org. Rem. Cret. Group U.S., 42, pl. v, ff. 5, 6, Hall and Meek, 
1854, Mem. Am. Acad. Arts and Sci., v (n.s.), 399, pl. v, ff. la, b, pl. v1, ff. 
1-7; Meek, 1876, Geol. Surv. Terr.. pl. xx, ff. la, b, and 2a, b, d. 


Baculites baculus M. & H., 1861, Proc. Acad. Nat. Sci. Phil., xxir, 442. 

Meek’s description: ‘‘ Shell attaining a large size, elongated, 
and rather gradually tapering ; section ovate, the antisiphonal 
side being more broadly rounded than the opposite; aperture 
of the same form as the transverse section ; extension of the lip 
on the siphonal side long, tapering, and narrowly rounded at the 
end; lateral sinuses of the same depth and about half to one- 
third the greater diameter of the shell; antisiphonal margin 
of the lip prominently rounded in outline; surface of young 
and medium-sized specimen generally nearly smooth, while the 
non-septate part of the adult shell is provided with broad, un- 
defined, obliquely transverse ridges or undulations that are 
parallel to the obscure lines of growth, and become nearly or 
quite obsolete as they approach the siphonal side, on which 
they are rarely represented by very small irregular ridges, 
scarcely distinct from the marks of growth. 

‘‘Septa moderately closely arranged, or sometimes a little 
crowded ; siphonal lobe nearly twice as wide as long, and pro- 
vided with two large terminals widely separating more or less 
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spreading branches, each of which has sometimes three and 
sometimes two nearly equal, digitate branchlets at the end, 
and two or three similar ones on the other side; first lateral 
sinus about as wide as long, but narrower than the siphonal 
lobe and divided at the free end into two short, nearly equal 
free branches, each of which is again less deeply subdivided 
into about two or three or four sinuous, spreading and digitate 
branchlets; first lateral lobe oblong ovate, being longer and 
narrower than the siphonal lobe, and deeply divided at its end 
into two very nearly equal branches, with each from four to 
five spreading and digitate subdivisions, in part so arranged as — 
to give the main branches a tripartite appearance at their ex- 
tremities ; second lateral sinus of nearly the same size as the 
first, and, excepting in unimportant details, similarly branched 
and subdivided ; second lateral lobe broader and shorter than 
the first, and bearing two large, equal, tripartite, sinuous and 
digitate terminal branches, and small digitate and simple lat- 
eral branches; third lateral sinus much smaller than either of 
the others, with two unequal, short, dentate terminal divisions, 
and a few irregular, short, smaller spurs; dorsal or, anti- 
siphonal lobe (ventral lobe of d’Orbigny and others) scarcely as 
large as three or four small lateral branches, and normally a 
trifid free extremity.’’ 

No complete specimens of Baculites ovatus have been collected 
from the Kansas Fort Pierre area. In the summer of 1896 I 
collected several large fragments of the shell from Devil’s: 
Cation of the South Fork of the Republican, in Cheyenne 
county. The longest of these fragments measured fifteen inches 
in length. It is the most common form in the Arickaree 
shales, where it occurs free. Other specimens of this species 
now in the University collection were obtained by Williston 
from the Fort Pierre formation on the North Fork of the Smoky 
Hill river, near McAllaster. The interior of many of these 
specimens is filled with beautiful crystals of barite. These 
latter specimens were from the large mass discovered many 
years previously by Prof. B. F. Mudge, and to which the letter 
from Meek refers, as quoted on page 20 of this volume. 
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Scaphites nodosus, var. brevis Meek. Plate cvit, fig. 3. 


Scaphites (Ammonites?) nodosus Owen, 1852, Rep. Geol. Surv. Iowa, Wis., 
and Minn., 580, tab. viii, f.4; Meek and Hayden, 1860, Proc. Acad. Nat. 
Sci. Phil., x11, 420; Gabb, 1861, Syn. Cret. Fauna, 32; Meek, 1864, Smiths. 
Check-List N. Am. Cret. Foss., 28. 
Scaphites nodosus, var. brevis Meek, 1876, U. S. Geol. Sue Terr., vol. 1x, 
pps 426; 427; pla xxv, ffs la, by c: 

Description: ‘‘ Shell longitudinally oval, moderately convex ; 
yolutions generally higher than convex, inner ones forming a 
considerable portion of the entire bulk; deflected or body por- 
tions high, moderately ;. but short and only becoming a little 
free at the aperture, periphery rounded throughout; umbilicus 
small; aperture oval subquadrate, being higher than wide, 
and more or less sinuous on the inner side; surface ornamented 
by small, bifurcating coste, that are somewhat flexuous on the 
sides, but becoming even and nearly straight on the periphery ; 
each side of body portion also bearing near the periphery a row 
of rather prominent, subquadrangular nodes, and a few smaller 
ones about one-third the height from the umbilicus. 

‘* Septa divided into rather deep lobes, and sinuous; siphonal 
lobe longer than wide, nearly oblong in form, and provided on 
each side with two principal slender branches, the two terminal 
of which are parallel, longer than the others, and each sub- 
divided into two unequal, variously sinuous and subdivided 
branchlets; first lateral lobe narrower and shorter than the 
siphonal lobe, and provided with two nearly equal bifid and 
sharply digitate terminal branches, and on each side with one 
smaller, nearly simple, lateral division; second lateral lobe not 
more than half as long and wide as the first, but very similarly 
branched; third lateral sinus much smaller than the second, 
and divided at the end into two equal, slightly sinuate terminal 
branches, with some small, obtuse, Jateral projections; third 
lateral lobe not longer than one of the terminal branches of the 
second, and trifid at the end, the division being very small and 
nearly or quite simple. Farther in there is a minute simple 
projection, that probably ropbesetts the minute fourth lobe in 
some of the other varieties.’ 


26 —1V 
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A fragment of a specimen belonging to this species was col- 
lected from the upper Fort Pierre shales of Devil’s Canon, in 
Cheyenne county. It was found associated with Baculites ovatus, 
which occur free in the shales. 


? Heteroceras cochleatum M. & H. Plate cvit, fig. 2. 


Turrilites (Helicoceras) cochleatus M. & H., 1858, Proce. Acad. Nat. Sci. 
Phil aex. oo: 


Helicoceras cochleatum Meek, 1864, Smiths. Check-List, N. Am. Cret. 
Foss., 25. 


? Heteroceras cochleatum Meek, 1876, U.S. Geol. Surv., vol. 1x, pp. 477, 
478, 479, pl. xxit, ff. 2a, b. 

Description: ‘‘ Shell sinistral, very thin, and composed of 
rounded nearly or quite contiguous whorls, which gradually 
increase in size from the smaller to the larger extremity ; um- 
bilicus slightly wider than the largest whorl: surface orna- 
mented by numerous rather regular bifurcating annular cost, 
which first pass obliquely backward and outward from the um- 
bilicus above, then curve so as to cross the ventral or outer side 
obliquely downward and forward; but on reaching the under 
side, they curve backward as they reach the umbilicus. There 
are also two rows of irregular obscure, flattened, or depressed 
oval nodes, one of which rows passes around nearly over the 
siphuncele, which is located near the middle of the outer side of 
the whorls, while the other is placed less than one-fifth the cir- 
cumference of the whorl! lower. 

‘<The septa are distant, and divided into complex lobes and 
sinuses, which are a little unsymmetrical in their subordinate 
details, but of about the same size and general form on oppo- 
site sides of the siphuncle. The siphonal lobe is comparatively 
small, and ornamented at the extremity by four small branches, 
the two terminal of which are a little larger than the others, 
slightly dissimilar, and éach provided with five or six un- 
equal, sharp digitations; the other two branches are not ex- 
actly opposite, differ slightly in form, and are each armed 
with from three to five or six unequal, sharp digitations ; 
the other two branches are not exactly opposite, differ slightly 
in form, and are each armed with from three to five or six 
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unequal serrations; in advance of these principal terminal 
divisions, there are, along the sides of the lobe, a few very 
small, alternating, subordinate, lateral branchlets and sinu- 
osities. The first lateral sinus is small, very oblique, much 
contracted at base, and divided at the extremity into two 
unequal, variously subdivided, sinuous branches. The first 
lateral lobe is much larger than the first siphonal one, and very 
deeply divided into two great, spreading subequal branches, 
the larger of which is on the ventral side, and unequally sub- 
divided into three bifurcating branchlets, the two terminal of 
which are much larger than the others, and more or less digi- 
tate, while the other main branch has two bifurcating branch- 
lets, with many smaller digitations and sinuosities. The second 
lateral sinus is not so oblique, but in other respects very similar 
to the first; while the second lateral lobe is smaller than the 
first, and very much like it in its mode of branching. 

‘«The largest and best specimen of this species that has been 
found consists of a little more than half of one volution, the 
greatest transverse breadth of which is two and thirty-four 
hundredths inches; diameter at larger end (which is a little 
oval), seventy-three hundredths by sixty-four hundredths inch ; 
breadth of umbilical space, eighty-five hundredths inch. In 
form and other external characters, even fragments of this shell 
will be at once distinguished from H. mortoniz by its shorter 
curve and proportionally thicker whorls, which also differ in 
being nearly or quite in contact. Its costz are also smaller in 
proportion to the diameter of the whorls, and more regular.’’ 

The determination of this species as belonging to the Fort 
Pierre fauna of Kansas is based upon a single fragment imbed- 
ded in a hard, nodular mass of stone. The specimen was col- 
lected from the lower Fort Pierre shales of Butte creek, and is 
associated with J. altus. 
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? Heteroceras angulatum M. & H. Plate ovr, fig. 2. 


Helicoceras angulatum M.& H., 1860, Proc. Acad. Nat. Sci. Phils xo p.76: 
? Heteroceras angulatum Meek, 1876, U.S. Geol. Surv. Terr., vol. 1x, p. 485, 


pl. xx, ff. 3a, b, c; 1864, Smiths. Check List N. Am. Cret. Foss., 25. 

Description: ‘‘Of this shell we have a single non-septate. 
fragment, two and seventy-eight hundredths inches in length, 
with a diameter of one and fifty-hundredths inches at the large 
end, and one and thirty-seven hundredths inches at the smaller 
extremity. It is rounded or subcylindrical, and makes a broad: 
(dextral?) curved spiral, in such a manner that, if continued, 
around, the volutions would be disconnected and encircle an 
umbilical cavity apparently more than three times their own 
breadth. The surface is ornamented by distinct angular coste,. , 
which pass around the whorls obliquely, where they sometimes 
bifurcate. I have not yet seen the septa of this species, but its 
large size and very broad curye will distinguish it from any other 
known species of this type in these rocks, excepting the last (7. 
cochleatum) , from which it differs in having angular instead of 
rounded costz and in being coiled in the opposite direction. 
Its angular coste will equally distinguish it from any of the 
others, even should they be found attaining as large a size, and 
in such short fragments as not to show the exact nature of the 
curve. Like the last, it is only referred provisionally to this 
genus upon the supposition that it belongs to the deflected part 
of the body of the shell.’’ 

The specimen in the University collection is a small, non- 
septate fragment. having a length of about fifty mm., its cir- 
cumference, at the larger end, being thirty-three mm. and at 
the smaller end, twenty-six mm. The specimen was collected 
by Mr. George Cooper from Wallace county, probably from the 
Fort Pierre shales on the North Fork of the Smoky Hill river, 
near McAllaster. 


EXPLANATION OF PLATES. 
(Pages 519 to 583.) 


PLATE LXXXVI.—Placenticeras placenta Dekay ?. Fig. 1, septum of inner 
volution, magnified; figs. 2, 3, two views of small specimen. 
Serpula tenuicarinata M.& H. Fig. 4, copy of White’s figure. 
Modiola (Brachydontes) multilinigera Meek. Fig. 5, left valve (after 
White). 
Avicula gastrodes Meek. Figs. 8, 9, two left valves (after Stanton). 


PLATE LXXXVII.—Jnoceramus fragilis H. & M. Fig. 1, right valve of one 
of Whitfield’s types of J. perplexus,; fig. 2, a large right valve (after Meek); 
figs. 3, 4, two views of J. howellii (after White); fig. 5, a large example 
(after Stanton). 


PLATE LXXXVIII.—/noceramus exogyroides M.& H. Figs. 1, 2, two views 
of left valve, cast (after Meek). 


PLATE LXXXIX.—/noceramus umbonatus M.& H. Fig. 1, dorsal view of 
cast of left valve (after Meek); fig. 2, anterior view (after Meek). 


PLATE XC.—IJnoceramus flaccidus White. Fig. 1, left valve (after White). 


PLATE XCI.—Ostrea lugubris Conrad. Fig. 1, small lower valve (after Con- 
rad); figs. 2 to 10, other views (after Stanton). 


PLATE XCII.—JInoceramus deformis Meek. Fig. 2, anterior view of small 
specimen (after Stanton). 
_ Inoceramus gilberti White. Figs. 1,3, two views of left valve (after White). 
Inoceramus labiatus Schloth. Fig. 4, small right valve (after Stanton). 
Mactra emmonsi Meek. Fig. 11, cast of left valve (after Stanton). 


PLATE XCIII.— Haploscapha eccentrica Conrad. Fig. 1, interior view of 
valve; fig. 2, exterior view of same (after Meek). 


PLATE XCIV.— Haploscapha grandis Conrad. Figs. 1, 4, interior views of 
valve (after Meek); figs. 2, 3, views of hinge. 


PLATE XCV.— Inoceramus undabundus M. & H. Figs. 1, 2, two views of 
left valve (after Meek). 
Inoceramus tenuirostratus M.& H. Figs. 3, 4, two views of type specimen 


(after Meek). 
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PLATE XCVI.— Inoceramus deformis Meek. Fig. 1, view of small specimen 
(after Stanton); fig. 2, a large right valve (after Meek). 
Mactra emmonsi Meek. Figs. 3, 4, two views of a large left valve. 


PLATE XCVII.— Inoceramus simpsonii Meek. Fig. 1, right valve of type 
specimen. 


PLATE XCVIII.— Donaz cuneata Stanton. Fig. 1, cast of right valve. 

Donax oblonga Stanton. Fig. 2, cast of a large left valve. 

Hxogyra columbella Meek. Figs. 3, 7, views of lower valve; fig. 8, view of 
both valves united (after White). 

Inoceramus labiatus Schloth. Fig. 4, right valve (after Meek ). 

Inoceramus dimidius White. Fig3. 5,6, views of both valves. 

Pholadomya papyracea M.& H. Fig. 11, left valve of type specimen (after 
Meek). 

Pholadomya coloradoensis Stanton. Fig. 12, left valve of type specimen. 

Parapholas sphenoideus White. Fig. 10, view of type specimen. 


PLATE XCIX.—Turritella whitei Stanton. Figs. 1, 2, 3, 4,5, views of type 

specimen. 

? Pharella pealei Meek. Figs. 6,7, two views of type specimen (after White). 

Callista (Aphrodina?) tenuis M.& H. Figs. 8, 9, two views of type (after 
Meek). 

Ostrea congesta Conrad. Figs. 10, 11, 18, views of upper and lower valves 
(after Meek). 

Parapholas sphenoideus White. Fig. 12, another view. 


PLATE C.—Serpula intrica White. Fig 1, type specimen. 
Rostellites ambigua Stanton. Figs. 2, 4, 5, views of type specimen. 
Pyropsis coloradoensis Stanton. Figs. 6, 7, 8, views of type. 

? Helicoceras corrugatum Stanton. Fig., basal view of type. 


PLATE CI.—? Prionocylus macombi Meek. Figs. 1, 2, side view of small 
specimen (after Stanton); fig. 3, septum, magnified; figs. 4,5, two views 
of type (after Meek). 


PLATE CII.— Prionotropis woolgari Mantell. Figs. 1, 2, two views of small 
specimen (after Meek); fig. 3, view of fragment of large specimen (after 
Meek); fig. 4, septum, magnified. 

Prionotropis hyattii Stanton. Figs. 5, 6, two views of type; fig. 7, side 
view; fig. 8, septum of small specimen, magnified. 


PLATE CIII.— Mortoniceras shoshonense Meek. Figs. 1, 2, two views of 
type specimen. 
Prionotropis levianus White. Fig. 3, portion of septum of type (after 
Stanton); fig. 4, side view of type. 


PLATE CIV.—Mortoniceras vermilionense M. & H. Fig. 1, side view of 
type (after Meek). 
Scaphites larveformis M.& H. Fig. 2, side view of type (after Meek). 
Scaphites vermiformis M. & H. Fig. 3, side view of type (after Meek). 
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Scaphites warrenii M. & H. Fig. 4, side view of type (after Meek); fig. 5, 
side view of specimen referred to S. wyomingensis (after Whitfield); fig. 6, 
side view of another specimen (after Whitfield); fig. 7, septum of a large 
specimen (after Whitfield). 

Scaphites ventricosus M. & H. Fig. 8, septum, magnified (after Meek); 
fig. 9, side view of inner volutions (after Meek); fig. 10, side view of 
another specimen (after Stanton). 


PLATE CV.—Scaphites ventricosus M.& H. Fig. 1, view of large specimen 
(after Meek). 
Scaphites mullananus M. & H.., Fig. 2, septum, magnified (after Meek); figs. 
3, 4, two views of type (after Meek). 


PLATE CVI.—Prionocyclus wyomingensis Meek. Fig. 1, septum of type 
(after Stanton); figs. 2, 3, 4, views of type specimen. 


PLATE CVII.—lmoceramus altus Meek. Fig. 1, view of type. 
? Heteroceras cochleatum M. & H. Fig. 2, view of type (after Meek). 
Lucina occidentalis Morton. Fig. 3, view of specimen (after Meek). 
? Acanthoceras kanabense Stanton. Fig. 4, side view of specimen, enlarged ; 
fig. 5, septum, enlarged; fig. 6, view of large specimen. 
Avicula gastrodes Meek. Fig. 7, large left valve (after Stanton). 


PLATE CVIII.—Fig. 1, Scaphites conradii, side view (after Meek); fig. 2, 
Heteroceras angulatum, view of type (after Meek); fig. 3, Scaphites 
nodosus, var. brevis, side view (after Meek). 


PLATE CIX.—Fig. 1, Inoceramus sagensis, var. nebrascensis, side view of 
type (after Meek); fig. 2, Inoceramus cripsii, var. barabina, side view of 
type (after Meek); fig. 3, Baculites ovatus, transverse section of shell 
(after Meek). 


PLATE CX.—Tusoteuthis longus, n. sp. Fig. 1, view of type specimen. 
Belemnitella baculus, nu. sp. Fig. 2, view of type. 
Squama spissa Logan. Fig. 3, view of type; fig. 5, view of plates. 
Squama lata Logan. Fig. 4, view of type. 


PLATE CXI.—Stramentum haworthii Williston, figure of type specimen, en- 
larged. 


PLATE CXII.—Uintacrinus socialis Grinnell, portion of large slab in the 
University museum. 


PLATE CXIII.— Uintacrinus socialis Grinnell. 
PLATE CXIYV.—IJnoceramus truncatus, n. sp., type specimen. 


PLATE CXV.—fadiolites maximus, nu. sp., interior view of three young speci- 
mens, 
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PLATE CXVI— Fig. 1, Znoceramus concentricus, nu. sp., fragments of large 


valve. 
Fig. 2: Large figure, Haploscapha niobrarensis, n. sp.; left-hand lower fig- 


ure, Znoceramus platinus; middle figure, Serpula plana; right, figure, 
Inoceramus subconvexus. 


PLATE CXVII.— Ostrea anceps, n. sp., interior view of type. 


PLATE CXVIII.—Fig. 1, Inoceramus subconvexus, nu. sp., exterior view of 


both valves. 
Fig. 2, Inoceramus pennatus, n. sp., interior view of one valve. 


PLATE CXIX.—Fig. 1, Radiolites maximus, n. sp., fragment of large speci- 


men. 
Fig. 2. Serpula plana. 


PLATE CXX.— Fig. 1, Jnoceramus triangulatus; fig. 2, Inoceramus bag 
natus, nu. sp.; fig. 3, Rostellites willistonii, enlarged. 
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Mosasaurs: 
number of vertebre of........ 143 
parictales ce ase a eee 116 
PAroccipitalee meee esse 120 
pelvicisirdleeecees see eee 159 
petrosali) jac ele eee 122 
phalangesiges see cee eee 159, 168 
postfronto-orbitals............ 111 
prefrontalsheeeaeaeae oer ors 107 
premaxillo-nasals............. 102 
presplentaly a. oaeenes cern 133 
proportional length of different 
bodyeresions\a.e- 2 eee Seer 142 
prosquamosal ......... See 124 
PLELYCOId Ge eputey eee rer: 114 
DUbIS) 508% KGee ere eee 161 
pygali vertebrae. .5. sn eee 141 
quadrated): Ris. o emcee 125 
quadratojucale eee 124 
TACIUS See eee ee 150 
range and distribution of..... 87 
BCapwlays sek Soe ee eee 144 
splenial. 07s a eee oes 132 
Squamosalc seen 120, 123 
SUpLaccelpitaleseeee eee eee 118 
systematic descriptions of..... 169 
systematic position of......... 93 
GATBUSS 5c. soem eA eee 165 
PIDIA Re eee ars ee ae 164 
CLANS VETSO ner oats See ee 85 
Una es eee ae ete see 152 
VEL LG ree neses eee coe SS ee 135 
VOMECr se eee Een eee 104 
Mytulites problematicus.......... 450 
Mudge, Boise. tee: 185195 21285900 
N. 
Nectoportheus se oh eesere eee i7fil 
Niobrara: 
fauna..csset ese eee 480 
invertebrates, outline of ...... 481 
species, description of ........ 481 
Oy: 
Orbulinawntiyersass epee eee 492 
Ostraciteslabiatus 2s 450 
Ostrea 
anCepsin... 2. 20S eee 446 


belliplicata:.23.,s3---Gieeeoeeee 445 
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Ostrea 
blackiiggsewe ee ee aCe 445 
CONES bara ate at antec tes dit 
hal @abarige sey nye ees pen re 485 
IETS EES ene .cin ene Slo eeaia nenie eens 485 
IMEI TRISH Sys ern ner inet ae 445 
INESOMUGHIGA WY se tacts io eee 485 
MABUbA cers Gc ers ect eee 485 
Olerornathusk cearisek cece see 191 
Overton ely Rw eee eee 32 
12% 
iRarapholas,sS paces kk eee 459 
Sphenoideuster sen eoeen cease: 495 
Patricks eProfessonssanes coe ee 416 
Phos phorosaubuseesccescece ec: 194 
Placenticeras placenta............ 463 
Platecanpinze coe secs s shor cision, 177 
distribubionvofasseee ee 88, 91 
IBlatecar pussies nice akc 177 
clidastoidesi=s hein. 191 
COLY Ph Buse ese eee ek 186 
CLASSALLUS | te,,.,30) enero ~ 180 
Lelixee he Ae 189 
landiferusis sma cceskee soe 182 
PEACH Sry oe yee ete ic ohne 187 
ICLOLICUS HY ee eee coro One 184 
LALIELONS See ata, Beane 189 
NetIS PIDIS ee peer te ies) iokege etc 181 
DUC Giles see e eke See ae 186 
Oxy Winustncee sacar 190 
DIAHIELONS foes visas: Leer eaal ists 
SHMITE aoe Sere Soleo oe dab 188 
LECUUIUS Ht A asin Re eeeseee rae 183 
EYMpPAnUbICUS serch eerie 179 
Blaby notaeer cuca seen ree ees 97 
Pleuroceras serratocarinatus...... 463 
Pollicipes haworthii.............. 498 
Phoplatecarpusiis: acess sce ee 191 
iRorcellanear esis ae 420 
IPrenticen Sy Gnueyse- sec ea: 12 
Prionocyclus 
MIA COMM ee eerie nie ois see 464 
WY OMINZEOUSIS heer ee alesse 463 
Prionotropis 
by atin seem ee ene 468 
loevianUSiae nn un eo ne roe eee 470 
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Prosnathosaurus ae oes eee 191 
Pteria 
GRE Charen dans kai sokacraelivalen tek: 448 
PAs trodes eee erst a ete ks 448 
Pyropsis coloradoensis...... ..... 460 
R. 
Radiolites) ma ximusiyaseu) see ne. 2s 494 
Restoration of Mosasaurs......... 209 
Rihalbdolith simpswr neve aie quinine gti: 424 
Rhamphosaunusta: cesta. 171 
PLOTIG OI org a hen en ev aeent es 173 
IVD IMOSAUTUSE Ee melee sit en ae 171 
dyspeloriee Ooamieeaseb wma bate 174 
MALCOLM Seeger eee 175 
DUG ETH eye OM Maa sale ige alae bate 186 
DLOTIGOT eyo ether eee a mntae ls 173 
Rostellites 
LTO LoL PUL Ere trees geet Ps sunealarat 461 
Ne AUUMSK Roy aT UNS) een AN eH aay 461 
Rudistes beds, invertebrates of ... 434 
S. 
Saurocephalus 
Napahaticusn ewe 29 
phlecbotomushec yatta 29 
prognath usa ana a one 29 
Chia uma ey reece sa chia 29 
Scaphites 
PLO VIS Us NR CE Ua eee Man Smee 511 
LATVeStOT Nal Seen n etn 473 
mullananushy ese eee ee 477 
NOGOSUS ic eer aise peter kl oll 
VenIbrICOSUSH eae See 476 
VELMUTOrMISs eee eee: 474 
Wie EG IDA ysis bei IVa Ha tes 475 
Sehielreporthbyaeen ee eee eae 16 
Septaria beds, invertebrates of.... 434 
Serpula 
RING ELC Aya ena rye a Autcniey abe Naty 484 
OVE H OU sca a onsite nA et era est ene 443 
ConUicaninaba acer eee 484 
Sironectes anguliferus....... 188, 194 
Fey Koyststoy oll ae apenas ay ateni ume mimic eK 32 
PSSaXON yr shel @ ames MLSS en sete Aon Lt 10 
SewaTytae Nello ira ergs pene cn eee a 11 
Sternberg, Charles........... ole 
Sternberg, George................ 28 
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haworthiileennaneavaae ss ance 498 cochleatusinn. fo) ke eee 512 
Gallo leat ur eee one kee Re aoc 499 UDUsan aie Say. See eee 459 
Sytner eee Nap aerot Ja snare eletaty area 499 WIIGEI eo ead Cee er ea 459 
DAG pene sg adal chlevas easy STise chy SOOs tM Dartles aie ale ae 301 
SDISS A ee ee ane nee S00 |) Lusotenthist ss. seen: mee 497 
Sioohn Or, report Yenc <4 eck Zi longus. ei a ae 497 
Sections of Upper Cretaceous, sum- Ty losaurimscs ees ce sce ce see 7a 
TMV ATRV ate Fee Gish cane eerie pL: 25 disinibutionvolesse.. eee 87, 90 
Shipyelllonyy TOON OS chad paGaseco ne lle) MAME) Boo5 bans) oocleceodewose 171 
GysSpelor ys joc es eee eee 174 
T. TOCROMUS ae oes Sy ee ee 175 
MexGulanidsansrcars sos eet ae 421 nepzolicus GUMS eT ee TEINS OU 8 3 176 
Textularia globulosa.............. 421 PLOLIPCT hs ee ae eee 173 
Moxocheelyswermah oneness eeciegarents 370 U 
brachyrhinusiees as eee ecaee 378 ‘ 
LattineMmisicacr a sacr ahi sour = 371 | Upper Cretaceous of Kansas: 
anterior extremity.......... 377 historical review of........... 9 
hind extremity sn... ...2..)- 377 addendanto.n sive eee 28 
Del Vise a tenet aes 377 distribution of invertebrates in, 434 
Ale alton Momo a oe ee ea 371 microscopic organisms of ..... 413 
ATER Te ee Rate Pence Mana ed 379) || Uintacrinus:socialis). 25... secre 481 
CALApPACenen sy tacckick one. 381 Wr 
pectoral and pelvic girdles.. 384 | Varanoidea ...................... 481 
Sh aes lsat te ie ae ea STO Viaranustes killlio tes) see ene 99 
“Wbioiavere., 1alemay Ls Sous soulsees acoc Sie |iVenmesh ei sa9 bianco cece 438, 443, 484 
Turnus sphenoideust. eee A905n eViGrO-calcateare seen eee 420 
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